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PREFACE. 



This Manual is intended to assist the practitioner or student 
in medicine in discovering the deviations from health, and their 
nature in the blood and the various secretions of the body. An 
outline of the mode of analysing the different products, suffi- 
cient for practical purposes, is also subjoined, so as to make it 
a complete practical manual. The several branches of this 
subject have lately received a large share of attention, particu- 
larly from the German and French authors : and treatises 
somewhat analogous to this have appeared in those languages. 
The absence of such a one in this country has induced me to 
undertake the filling up of this deficiency. Much lias also 
lately been done in the application of organic chemistry to the 
explanation of the phenomena of healthy and morbid actions. 
But I have avoided any notice of these views, as in many cases 
they are quite theoretical, and in the majority not well esta- 
blished. The use of the modern microscope is revealing to us 
the true structure of bodies in health, and their alterations in 
disease, with their true relations to their vital products, secre- 
tions. And as recourse to the microscope often abbreviates 
chemical experiments, and enables us to ascertain the chemical 
nature of very minute portions of matter, I have added an ac- 
count, with figures of the microscopical characters of each sub- 
stance. In some cases, where I have not had opportunities, or 
at least insufficient ones, of testing their accuracy, or Avhere I 
do not feel authorised in assenting to the correctness of their 
observations, I have borrowed the statements of former authors, 
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and have given their names as authorities. Further informa- 
tion on these subjects and all their branches may be obtained 
from the writings of Becquerel, Berzelius, Bird, Christison, 
Lie big, Prout, Rayer, Rees, Simon, Turner, Vigla, Vogel, and 
Willis, to whom in some instances I am much indebted. I have 
also to acknowledge the kind assistance offered me on several 
occasions by W. Francis, Esq. It is to be wished that the 
facility I trust this Manual will afford those anxious to prose- 
cute this most interesting branch of medical inquiry, in exa- 
mining and appreciating morbid states of the various secretions, 
may enable us shortly to arrive at some more satisfactory con- 
clusions respecting the pathological relations of these fluids. 

9 St. John's Square, 
April, 1343. 



PART I. 



CONTAINING THE 



GENERAL, CHEMICAL, AND MICROSCOPICAL 
CHARACTERS OF 

THE URINE AND ITS DEPOSITS, 

BOTH IN HEALTH AND DISEASE, 

AS ALSO THOSE OF 

VESICAL CALCULI. 



INTRODUCTION 



To those unaccustomed to chemico-microseopical examina- 
tions the following observations will save much trouble and 
vexation. 

I. The specific gravity of urine is taken either by the Uri- 
nometer or the Specific Gravity bottle ; if the former be used 
we should bear in mind that its indications are never so correct 
as those of the bottle, although quite sufficiently so for ordinary 
purposes ; and moreover, those instruments sold at the shops 
should always be carefully tested as regards accuracy, by com- 
parison with some standard instrument or the bottle. 

II. In testing the acidity of urine use thin blue, and for alka- 
linity slightly reddened litmus paper. I have repeatedly seen 
urine considered neutral from neglect of attention to the former 
circumstance when it was decidedly acid. 

III. Be sure your tests are pure, otherwise in operating on 
small quantities, you will be extremely puzzled at some of your 
results. The purity of your tests will be sufficient, provided 
they stand the examination required by the London Pharma- 
copoeia. Oxalate of ammonia, not mentioned there, should be 
entirely dissipated by heat ; and all that is precipitated from 
its solution by chloride of barium should dissolve in nitric acid. 

IV. The best mode of microscopically examining urinary 
sediments is this: — Allow the urine to stand; decant the su- 
pernatant fluid; pour the remainder into a watch-glass; draw 
off the small quantity of fluid remaining after a short repose 
by means of a pipette, and then it can be conveniently viewed 
under the field of the microscope. In most cases an achro- 
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matic half-inch object-glass will be quite sufficient for the dis- 
cernment and distinction of these deposits ; but some few re- 
quire one-eighth of an inch, as the pus and mucus globules, 
lilhate of ammonia, and oxalate of lime. In urine, as is very 
frequently the case, where there is much lithate of ammonia 
mixed with the sediment, warm it gently in a watch-glass, then 
the supernatant liquid containing the lithate in solution can be 
removed by the pipette, and any insoluble sediment distinctly 
perceived. When we use the high powers of the microscope, 
we must not view sediments in a watch-glass, but, having ob- 
tained them moist in the watch-glass as above, pour this on to 
the middle of a glass slip, then drop a small square of thin 
glass over it ; thus we have the object perfectly flat, the mois- 
ture is prevented from condensing on the object-glass, and there 
is no risk of scratching the latter. 

V. It is often required for the sake of comparison to pre- 
serve these sediments : this may be done either moist or dry. 
Those only are preserved moist which are very transparent, as 
the oxalate of lime, globular lithate, pus, blood, Szc. ; the rest 
may be preserved in Canada balsam. Whenever you intend 
to preserve any deposit, be sure first to wash it well with dis- 
tilled water, to free it from the gummy deliquescent matter with 
which it is combined in the urine. If to be preserved in bal- 
sam, allow it to dry on a glass slide ; then hold some Canada 
balsam on the end of a stick over a spirit-lamp at some distance 
from the flame,* so that it shall gently melt : just as it has 
melted and is on the point of dropping from the stick, hold 
under it the previously gently warmed glass slip lying on which 
is the deposit ; in this manner so much of the balsam may be 
dropped on the glass as is sufficient to cover the deposit : while 
it is still warm, drop on the surface of the balsam a slip of thin 
glass, also previously warmed, press this gently, allow the 
whole to become hard, and the specimen is permanently pre- 

* If this be not attended to bubbles will be formed and the speci- 
men spoiled. 
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served. All the objects for examination by polarized light are 
beautifully prepared in this manner. Those to be kept moist, 
are washed carefully, placed on a glass slip, and a drop or two 
of weak spirit, water saturated with creasote, or Godby's fluid,* 
used without heat in the same manner as the balsam. As soon 
as all the fluid not confined between the two glasses has been 
carefully wiped away, surround the thin glass at its edges with 
gold size thickened with lamp-black (this may be dropped 
around the edges of the glass with the end of a pen,) and allow 
it to dry ; thus we have the specimen permanently preserved 
in a cell. Some objects require to be preserved in syrup ; a 
strong syrup should be made mixed with a little gum, this 
should be kept for some time, and then used without heat in the 
same way as the balsam. Salts and pus, with other organic 
globules occasionally present, may be well preserved in this 
way. 

VI. I shall now give an abstract account of the ordinary 
modes of procedure in the analytical examination of the urine, 
the minute details will be found in other parts of this work. 
When we wish to examine any specimen of urine, it is very 
important that some of its characters should be ascertained as 
soon as possible after it has passed; this is particularly the 
case with those specimens which contain excess of urea or 
mucus, as alkalinity occurs so soon in some of these cases, in 
the secretion which is acid at the time it is passed, as to be 
without care a source of error. Those containing excess of 
acid keep better. The first point then is to note its aeklity (II.) 
The amount may be estimated by neutralizing the free acid by 
a dilute solution of ammonia, the quantity of the solution re- 
quired, and whose strength is previously known, will indicate 
the proportion of acid. We now set it aside and allow the 
sedimentary portions to subside. Then having noticed the ap- 
parent characters of the sediment, pour off the upper clear 

* This is composed of bay-salt, one ounce ; alum, half an ounce; 
corrosive sublimate, one grain ; distilled water, half a pint. 
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portions (should the upper part not be clear it can be filtered.) 
We next notice the colour of the urine, and also take its spe- 
cific gravity, a. The sedimentary portion must be examined 
microscopically (vide IV.) and then chemically. We have 
now obtained some idea of its constituents; the peculiar ap- 
pearances of the organized portions can be compared with the 
figures in the Plates (PI. I. and II.,) and if there be any doubt 
about their composition, they can be examined chemically. 
fi. Should the sp. gr. of the urine be above or about 1030, we 
may suspect the presence of either sugar or excess of urea. 
The former may be ascertained by setting aside a portion in a 
warm place; the production of the peculiar vegetable organi- 
zations, forming the white powdery surface, will readily 
decide this question (33.) The excess of urea may be also 
readily detected (11.) Should its sp. gr. be low, if the colour 
is pale and the urine clear, most probably the quantity is in- 
creased, and the solid contents diminished; if it be not clear 
but muddy and dull, albumen may be suspected, the presence 
of which is readily detected by ascertaining that the urine is 
acid and then boiling (19.) In all cases where we are about to 
analyse the urine quantitatively, a small portion should be ex- 
amined previously, so that we may become acquainted with the 
predominating ingredients. Should the urine contain much 
mucus, this maybe thrown down by acetic acid or alcohol; by 
its being thus coagulated the fluid portion passes readily through 
the filter. In ordinary cases of filtration, where the fluid is not 
loaded with insoluble portions, we may use filters whose weight 
is previously known, and the residue after combustion is very 
minute, and also previously known. 

Supposing then we have disposed of the "deposits, and the 
filtered liquor is clear, if it contain albumen this is first esti- 
mated by boiling a proper quantity. The albumen thus co- 
agulated is collected on a filter, washed (the washings must be 
added to the filtered liquor,) and dried in a water bath. The 
weight of the dried albumen, minus the weight of the filter 
gives us the absolute quantity of the former which the boiled 
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portion of the mine contained. When we require to be very 

accurate, or operate on very small quantities, the albumen must 
be boiled in alcohol or tether previous to desiccation, so as to 
separate fatty matter. The filtered albuminous liquor, as well 
as the washings, or when no albumen is present, the original 
liquid is evaporated to dryness on the water-bath ; the weight 
of the residue + the weight of the albumen when present is* 
the amount of solid constituents. Should this residue contain 
any fatty matter, this can be separated by boiling aether; the 
weight of this aethereal extract + that obtained from the albu- 
men gives us the whole amount of fatty matter. Sometimes 
the aether dissolves, besides fat, other matters, as salts, &c; 
these are separated by washing with water. The extract 
which has been treated with Esther is then acted upon by al- 
cohol, sp. gr. -830; this dissolves the urea, colouring matter, 
sugar ''when present,) alcoholic extract, metallic chlorides 
(sodium, potassium,) and sal-ammoniac, with the lactates. The 
filtered solution, together with die alcohol us^d for washing, is 
then evaporated to dryness. The weight of the residue gives 
the weight of all the above-named compounds. «. The urea is 
estimated by adding nitric or oxalic acid to its concentrated so- 
lution. /3. If sugar be present, this is either allowed to crys- 
tallize, or its quantity is estimated by fermentation. (33.) 

y. The fixed salts are estimated in quantity by incinerating 
the extract; the ash contains chloride of sodium, chloride of 
potassium as such, and the lactic salts with fixed bases as car- 
bonates (14.) The sal-ammoniac and volatile lactates have dis- 
appeared. The separation of those organic matters soluble in 
alcohol from those insoluble in that liquid is not ordinarily ne- 
cessary, the mode recommended in (14.) is sufficiently accurate. 
Another mode is, using a separate portion to calculate the 
urea (this portion ought to be more considerable than the one 
we are about to mention; the latter may be very small, pro- 
vided we have a delicate balance.) Evaporate, weigh, digest 
with alcohol, (-830,) and filter; lithic acid and the phosphates 
remain as a residue (these can be readily separated by the 
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solubility of the former in liquor potassaB.) The alcoholic so- 
lution is evaporated, dissolved in a considerable quantity of 
water, and boiled with caustic lime, until the urea is completely 
decomposed. The lime is precipitated by oxalic acid ; the ex- 
tract contains lactic acid, lactates, muriate of ammonia, and al- 
coholic extract, whose amount can be estimated by the filtra- 
tion and evaporation of the liquid. 

VII. The evaporations in all these cases should be performed 
in a steam-bath, or in some cases a water-bath may be used, 
but a high temperature should be carefully avoided. 

VIII. All incinerations should be performed in a porcelain 
or platinum capsule ; and whenever any liquid is to be filtered, 
the filter must be previously moistened with distilled water. 

IX. All reactions in which colour is produced are best ob- 
served in white, earthenware, glazed, evaporating dishes or 
capsules. 

X. A freezing mixture is readily made either by mixing 
powdered nitrate # of ammonia and water in equal weights; or 
equal parts of nitre and sal-ammoniac powdered and added to 
four parts of water ; or pounded ice and common salt. 

Having now given what will be sufficient on the general 
methods of examination, I will proceed to minuter details. 



GENERAL, CHEMICAL, 

AND 

MICROSCOPICAL CHARACTERS 

OF THE URINE, &c. 



1. The function of the kidneys is to separate from the 
blood by their selecting power certain compounds which 
are of no further use in the animal economy, and the reten- 
tion of which in the blood acts as a virulent poison to the 
system. These compounds dissolved in water and forming 
the urine are very numerous, and of very different natures; 
some undoubtedly exist in the blood, whilst the detection 
of others eludes our strictest chemical investigations, con- 
sequently we must believe that they do not exist in that 
fluid. 

2. The quantity of urine passed daily varies greatly ac- 
cording to circumstances. In health the most important of 
these is the state of the skin; the state of the liver is also 
intimately associated with that of the kidney, and conse- 
quently of the urine. The normal quantity may be con- 
sidered as between 30 and 40 ounces. The amount will 
be diminished if the secretion of the skin be much increased 
by active exercise, warmth, or sweating from any cause ; 
and much increased if the functions of the skin be impeded 
or suspended; in cold atmospheres, after copious draughts 
nf fluid, &c. 

2 
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3. The odour when first passed is somewhat aromatic, 
but this disappears on cooling, when it is replaced by one 
peculiar to that fluid. 

4. Urine is always acid in health ; this acidity most 
probably depends upon the presence of acid salts. It does 
not, as was supposed, contain any super-salts of lime.* 

5. Its specific gravity varies greatly in health, and is in 
an inverse ratio to its quantity. It may be said to vary 
from 1015 to 1025; the average throughout the day would 
be rather less than 1020. If the specific gravity be higher, 
an increased amount of solids need not be necessarily 
inferred,! because the quantity of the fluid may be di- 
minished; nor if the sp. gr. be much diminished, is a dimi- 
nution of solids passed a necessary consequence, because the 
amount of the fluid may be increased ; so that in estimating 
the value of the sp. gr. we must pay particular attention 
to the quantity. Three varieties of urine may be distin- 
guished, — 1st, that passed after drink, and which is ex- 
ceedingly low in sp. gr., Urina Poias ; 2d, that which 
occurs after the completion of digestion, Urina Chyli, this 
js usually of the highest sp. gr. of any; 3d, that which is 
passed in the morning, and is secreted from the blood, con- 
sequently not immediately affected by ingesta ; this is the 
Urina Sanguinis. This may be considered as the pure 
renal secretion, and is that which should generally be 
examined as indicating the state of the system. 

6. The quantity of solid materials passed during the 24 
hours varies according to the sp. gr. ; it is on an average, 
in health, 2\ oz.:| the amount in any specimen of urine 
whose sp. gr. is known may be found out by reference to 
the following table :§ — 

* Thomson, Animal Chemistry, 18-13. 

t I allude to the quantity per diem, not the absolute quantity 
under examination. M i«««**j 

* Cll »stison. § Becquerel. 
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Sp. gr. at 50° F. 


Solids* 


Sp. gr. ai 50° F. 


Solids. 


1001 


1-65 


1016 


26-40 


1002 


3-30 


1017 


28-05 


1003 


4-95 


1018 


29-70 


1004 


6-60 


1019 


31-35 


1005 


8-25 


1020 


33-00 


1006 


9-90 


1021 


34-65 


1007 


11-53 


1022 


36-30 


1008 


13-20 


1023 


37-95 


1009 


14-85 


1024 


39-60 


1010 


16-50 


1025 


41-25 


1011 


18-15 


1026 


42-90 


1012 


19-80 


1027 


44-55 


1013 


21-45 


1028 


46-20 


1014 


23-10 


1029 


47-85 


1015 


24-75 


1030 


49.50 



7. Urine is generally of an amber tint. The colouring 
matter varies much in its intensity, but it cannot be 
separated in a state of purity. The brown organic matter 
which gives the colour to inspissated urine and seems to be 
the source of its peculiar odour, has recently been examined, 
and has yielded a brown, fusible, resinous mass, having a 
strong odour of castoreum when dry, and a urinous smell 
when boiled with water. f The colouring matter is usually 
much increased in quantity when excess of lithic acid is 
present. Dr. Prout considers that there are two colouring 
principles in urine which are intimately related to each 
other, and which by their properties seem to indicate that 
they are related to lithic acid on the one hand, and some 
modification of that of the bile on the other. The colouring 
matter of the bile resembles lithic acid in assuming a purple 
tint by nitric acid. Polarized light when transmitted 
through healthy urine does not, when analyzed, develope 
any colour, nor is any notable change produced. 

8. When healthy urine is first passed it is not quite trans- 
parent, but by repose it becomes so, and a very delicate 
cloud falls to the bottom of the containing vessel; this is 
mucus mixed with a few epithelial scales. Some have de- 
nied that there is any deposit in healthy urine, but by care- 
ful examination this is found invariably present. It may be 



In 1000 parts. 



f Scharling. 
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collected by filtering the urine, when it remains on the filter 
as a transparent colourless mass, of a shining appearance 
when dry. 

Chem. prop. — It is readily soluble in nitric and acetic 
acids* and in liquor potassae ; the acid solutions are pre- 
cipitated by solution of ferrocyanide of potassium. It is 
not coagulated by boiling. It is insoluble in sulphuric acid. 
It contains albumen in some unknown state of combination, 
as it is not coagulated by boiling or nitric acid, although it 
is precipitated by galvanic electricity and ferrocyanide of 
potassium. 

Mucus often exists in great excess in urine. In mild 
cases the ordinary mucous cloud is merely increased in 
quantity and retains the same appearance, except that upon 
careful examination we find very delicate opaque threads 
floating in it; these are composed almost entirely of the pe- 
culiar globules. When however it is more abundant it be- 
comes much firmer, and often forms large gelatinous stringy 
masses, which can be drawn out in ropes. When present 
it soon causes the urine to putrefy. It does not render it 
coagulable by heat, although often so by acetic acid; more- 
over it does not give evidence of free albumen. The pre- 
sence of mucus in the urine acts as a ferment, for after its 
separation it may be preserved a much longer time without 
decomposition. 

Microscop. characters. — It is almost entirely composed of 
amorphous, extremely minute granular particles ; sometimes 
we have one or two mucous globules similar to those of 
pus, and here and there an epithelial scale or two, but it is 
nearly all amorphous. 

9. There is another deposit which often exists in urine 
and is quite consistent with health : this is the lithate of am- 
monia. When healthy urine is placed under the receiver 
of an air-pump with sulphuric acid, and the atmospheric 
pressure is removed, a copious amorphous precipitate of this 
substance occurs ; also when the quantity of urine is much 
diminished and the temperature reduced, this compound 
tails. It may be readily known from all others by its solu- 

*,-^ he Vuf ? ecretion of mucus is much increased it is onlv 
partially soluble in acetic acid. onl y 



21 



bility by boiling in water or urine, and its entire dissipation 
at a red heat ; but for its minute characters vide (15.) 

I. Having thus noticed the general properties of the 
healthy secretion and its deposits, we will now examine its 
chemical constituents in health, with the means of separating 
and estimating them.* 

10. The quantitative analysis of the urine which have 
been made are comparatively few, and that of Berzelius, 
which was made many years ago and has appeared in every 
work relating to the subject since, is almost the only pub- 
lished one which has been minutely carried out. But for 
practical purposes they are not required to be carried to the 
extent adopted by that illustrious chemist. The following 
may be taken as a type of what is quite sufficient for ordi- 
nary practical purposes: — 



1. Water 

2. Urea 

3. Lithic acid 

4. Fixed salts 

5. Ammoniacal salts and 

organic matters. 



972- 
12- 

0-398 
6-918 

8-6f 



> = 1000 grs. 



The fixed salts are chloride of sodium, sulphates of soda 
and potash, phosphate of soda, magnesia and lime: thus — 

Chlorine 0-502 

Sulphuric acid 



Phosphoric acid 

Soda 

Lime 

Magnesia 

Potash . 



0-855 
0-317 

5-244 



6-918 



The organic matters and ammoniacal salts are lactic acid, 
lactate of ammonia, osmazone, animal extractive soluble in 
water only, muriate and phosphate of ammonia. 

* An excess of these constituting disease is noticed under each 
head. 

f Becquerel. 
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11. Urea.— This ingredient enters most largely into the 
composition of the urine, and to it many of its most im- 
portant properties are due. It is supposed to be generated 
in the human body during the destructive assimilation of 
the gelatinous tissues. It is formed in the blood, and the 
presence of the kidney is not necessary to its formation. 

Chem. prop.— When pure it is perfectly colourless ; 
neither acid nor alkaline ; crystallizes in the form of very 
delicate and silky four-sided prisms. It combines with, 
but does not neutralize acids. It is soluble in its own weight 
of cold water and in every proportion of hot ; in 4£ parts 
of cold and 2 of boiling alcohol, and it separates from the 
hot alcoholic solution on cooling. It is almost insoluble in 
sulphuric aether, forms crystalline compounds with nitric 
and oxalic acids, and is entirely dissipated by heat. It is 
composed of C 2 O 2 H 4 N 2 . It is one of the few organic 
compounds which can be artificially prepared, and can be 
obtained thus:* — Mix 28 parts of dry ferrocyanide of po- 
tassium with 14 of peroxide of manganese in powder, and 
make the mixture as intimate as possible. Heat this on an 
iron plate over a charcoal fire to a dull red heat ; it must be 
well stirred while cooling. When cold digest it repeatedly 
in cold water, and mix the solution with 20^- parts of sul- 
phate of ammonia. The first concentrated liquid obtained 
by washing the residuum should be set aside, and the sul- 
phate of ammonia dissolved in the succeeding weak liquids. 
A copious precipitate of sulphate of potash falls. The 
supernatant liquor is decanted off and evaporated over the 
water-bath. More sulphate of potash falls, which is sepa- 
rated, and this is repeated as long as the sulphate continues 
to form. The liquid is now evaporated to dryness, and the 
solid residue is digested in boiling alcohol of 80 or 90 per 
cent. The urea is dissolved. It crystallizes as the solu- 
tion cools or is evaporated.f 

A concentrated aqueous solution of urea is not precipi- 

* Although the description of such details as those necessary for 
the preparation of urea may appear contrary to what is expected in a 
practical manual, the artificial production of this compound is so 
highly interesting, and the process so readily conducted, that I am 
sure it will not be out of place here. 

f Liebig and Wohler. 
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tated by nitrate of silver, bichloride of mercury, alcohol, 
infusion of galls, nor alkalies. 

By the aid of the microscope we may ascertain the pre- 
sence of a very minute proportion of urea. Evaporate its 
aqueous or alcoholic solution ; then add a little nitric or 
oxalic acid ; delicate silky crystals of nitrate of oxalate of 
urea occur. This evaporation should be performed on a 
glass slide, and the subsequent crystallization examined by 
the microscope. 

The state of combination in which urea exists in the 
urine is not satisfactorily ascertained. MM. Cap and Henry 
stated that it existed combined with lactic acid ; but others, 
on repeating their experiments, instead of obtaining lactate 
of urea, have obtained the urea pure, which most probably 
Cap and Henry have mistaken for the lactate.* Moreover, 
M. Pelouze has proved that no such compound as lactate 
of urea exists. 

Its strong aqueous solution is not decomposed by ebulli- 
tion, whilst the diluted solution decomposes very rapidly, 
and is converted into carbonate of ammonia. f As it is so 
very soluble and readily decomposed, we generally estimate 
it in combination with nitric or oxalic acid. Its impure 
crystals can be best decolourized by a little permanganate 
of potash,^: which destroys the colouring matter and has 
little action upon urea ; an excess of the salt is removed by 
alcohol, which converts it into peroxide of manganese. It 
often exists in excess, sometimes with increase in the quan- 
tity of the urine, when that fluid is pale ; it is always in 
excess when the quantity of urine is diminished and its sp. 
gr. high, and in combination with excess of lithic acid and 
the lithates. 

a. When an equal volume of nitric acid is added to a 
portion of urine in a watch-glass, if there be no excess of 
urea present no crystallization takes place ; but if there be 

* Turner's Chemistry by Liebig and Gregory; and Chemical 
Gazette, No. 3, December, 1842. 

f M. Vogel found that the relative proportion of urea was not 
diminished in urine by keeping for six weeks, nor by boiling for 
three hours and a half, but this is certainly not commonly the case. — 
Anleitung zum Gebrauch des Mikroskopes, Leipzig, 1841. 

X Turner's Chemistry by Liebig and Gregory. 
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excess, a brownish-yellow crystalline* compound is formed; 
this is the nitrate of urea. Its appearance is preceded by 
the formation of some bubbles, and in acid urine these 
bubbles are generally more numerous the larger the quantity 
of urea present, so that its presence in excess may generally 
be foretold. Its crystallization sometimes takes place in a 
few minutes, sometimes it requires a lapse of several hours. 
This is a very rough method of detecting an excess of urea, 
and in making use of it we must carefully notice the tem- 
perature, because the higher this is, the less likely will the 
crystallization be to take place, and vice versa. 

b. To estimate its quantity more accurately proceed thus: 

I. Evaporate the urine to dryness over a steam-bath ; 
moisten this extract with water, and pour strong alcohol on 
it. Evaporate this to dryness with a very low heat ; dis- 
solve it in a small quantity of water, and add nitric acid ; 
then place the compound in ice or a freezing mixture. 
Throw it then on a filter, and wash it with ice-cold water, 
gently press and dry it. By then subtracting the previously 
known weight of the filter from that of the dried filter con- 
taining the nitrate of urea, we ascertain the amount of the 
latter, and on subtracting the proportional of nitric acid 
from this, we obtain the weight of the urea present. 

Nitrate of urea is composed of 52-63 nitric acid + 47-37 
urea in 100 parts. 

II. Evaporate a given weight of urine over the open 
stearn-bath to dryness ; boil successive portions of alcohol 
on the dry residue until nothing more is taken up ; mix the 
liquors ; evaporate to the consistence of an extract ; redis- 
solve in a small quantity of lukewarm water ; add oxalic 
acid to this solution until no more becomes dissolved on 
heating the liquid to 122° F. Allow the liquor to cool ; a 
crystalline deposit of oxalate of urea occurs ; collect this 'on 
a filter and wash it with a small quantity of weak solution 
of oxalic acid. This last, as well as 'the mother-liquor, 
must be evaporated to procure any crystals which may exist 
in them ; the crystals must then be dried in bibulous paper ■ 
then redissolve them in water, and neutralize the oxalic 

* These crystals appear when perfect as rhomboidal tables some- 
times having the angles truncated. {Vide PI. II. figs. 37 and 38.) 
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acid with carbonate of lime ; filter and well wash the pre- 
cipitate. Evaporate the filtered liquors and the washings 
over the open steam-bath, and weigh the extract.* This 
should be entirely soluble in anhydrous alcohol ; if not, the 
weight of the residue must be deducted from that of the 
extract; we thus get the weight of the urea. Or we may 
calculate the amount of urea by deducing its weight from 
that of the undecomposed oxalate, which is in general the 
best mode. 

Oxalate of urea is composed of oxalic acid, 37-436 
" « " " urea " 62-564 



100-00t 



III. Or nitric acid may be used instead of the oxalic, and 
the nitrate of urea decomposed by carbonate of baryta, in- 
stead of carbonate of lime. 

c. To extract the urea in diabetic urine: — Expose a given 
quantity of urine, mixed with some yeast, to the tempera- 
ture of 80°, in a graduated glass jar inverted over a mer- 
curial bath; we thus get rid of the sugar by fermentation, 
and can proceed as below (d) : the quantity of sugar present 
is also indicated at the same time (33.) 

d. To estimate the urea in albuminous urine : — Evaporate 
the urine to dryness in an open steam-bath, treat the residue 
with boiling alcohol. Evaporate the alcoholic solution and 
redissolve the extract in distilled water; concentrate this to 
a syrup, then mix it with half its bulk of pure nitric acid. 
Place it in a freezing-mixture : the crystallized nitrate is 
then produced. The supernatant liquid is then poured off, 
the crystals washed with ice-cold water and dried in the 
open steam-bath. We may then calculate the amount of 
urea by abstracting the equivalent of nitric acid from the 
weight of the crystalline nitrate. 

e. For the peculiar effect of the presence of urea in alter- 
ing the ordinary form of the crystals of chloride of sodium, 

see (13.) 

% 

* These evaporations must not be hurried ; if they are, no depen- 
dence can be placed upon the results, 
f Berzelius. 
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12. Lithic Acid exists in the urine combined with am- 
monia. This compound is deposited from healthy urine 
under certain circumstances. (9.) 

a. Chem. characters.— It is soluble in 10,000 parts of 
cold water, the solution feebly reddens litmus. When pure 
it is white, but is always coloured when existing as a urinary 
deposit; insoluble in alcohol and aether; soluble in liquor 
potassse and strong sulphuric acid, from the latter of which 
it is precipitated by water; sparingly soluble in the alkaline 
carbonates;* rather more soluble in strong hydrochloric acid 
than in water; soluble in both diluted and strong nitric acid, 
equal volumes of gaseous carbonic acid and nitrogen being 
given off". After evaporating the nitric solution a red extract 
is left, which becomes of a beautiful purple by the addition 
of ammonia. This is the purpurate of ammonia, purpurine, 
or murexide, and is the characteristic of the presence of 
this acid. Murexide is but slightly soluble in cold water, 
but colours it of a fine purple ; it dissolves in water at 158°, 
and crystallizes on cooling ; it is insoluble in alcohol and 
aether. Urea is formed by the distillation of lithic acid. 
The crystals of lithic acid are of a yellowish brown colour; 
the colouring matter is related to that of the bile, as, like it, 
it becomes of a purple colour by the action of nitric acid. 
The composition of lithic acid is C ]0 N 4 H 4 6 . 

b. Microscop. characters.-— It is always crystalline. As 
occurring in urine the crystals are always coloured. Their 
varieties of form are almost endless ; the most common only 
will be noticed. The crystals are either separate or com- 
bined into clusters. When separate, the outlines are either 
rhomboidal, square, or rectangular, and all their varieties 
appear to me to be clearly explained by assuming them as 
derived from the right rhombic prism. The most perfect 
and the largest crystals generally approach nearest to this 
form. In many cases this prism is very much flattened, so 
as without great care to be mistaken for a rectangular plate. 
A cube of lithic acid I have never seen, although I have 
sometimes been shown what was considered one i. e. a 
crystal wi* a square surface ; the other surfaces were not 
seen in these cases, but only imagined. In many cases we 

* Lithic acid is most soluble in carbonate of lithia (1 to 4.) 
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find the prisms of tolerable length, as in PL I. fig. 1 ; or" 
course here the rectangular outline of the crystal, as it lies 
on its side, is very distinct (but by moistening any speci- 
mens we are examining with water, and then adding a little 
sether or spirit, currents are produced which cause the crys- 
tals to turn over continually and in every direction, so that 
a full view of every surface is obtained.) In other cases 
the prisms are extremely short, so as to lie upon one of 
their flat extremities; here of course the rhomboidal base 
only is seen, as in PI. I. fig. 2. In many cases, especially 
where the acid has been precipitated by the addition of 
muriatic or nitric acid, the crystals possess a curious hour- 
glass internal structure; the relations of this are difficult to 
comprehend. In some cases the two obtuse angles of the 
rhombic prism are replaced by two semicircular facets, as 
in PI. I. figs. 3 and 4. A very curious modification of form 
is seen in the lithic acid obtained from the guano, or the 
excrement of serpents; in these we find the crystals are ex- 
tremely thin, possess the hour-glass internal structure, and 
are apparently nothing more than delicate tables ; but by 
viewing them when turning over, we can distinctly see that 
they are the same rhombic prisms very much flattened. In 
many cases, where the containing urine has been very acid, 
the crystals are striated, as in PI. I. fig. 13/3; but in others 
we find this without any such acidity. The aigrettes and 
other combinations we so frequently meet with seem irre- 
gularly or more hurriedly formed, although sometimes we find 
them "in the urine mixed with the ordinary rhomboids (see 
PI. I. figs. 9 and 12.) When we add a few drops of any- 
acid to urine the lithate of ammonia contained in it is de- 
composed ; the acid added appropriating the ammonia, 
whilst the lithic acid falls in crystals (PI. I. fig. 1.) This is 
the ordinary mode of ascertaining the amount of lithic acid 
present in urine ; for this purpose use muriatic or acetic 
acid, as nitric acid dissolves the lithic acid. 

c. Urine containing a deposit of lithic acid is generally 
minus* its proper quantity in solution; some acid furnished 
by the system decomposing the lithate of ammonia in its 

* In the majority of cases of lithic acid gravel the amount of that 
compound deposited very much exceeds that ever naturally contained 
in the urine. 
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passage to the bladder. This is sometimes lactic acid, 
sometimes phosphoric, and sometimes sulphuric. 

The crystals of lithic acid, when examined by polarized 
light, develope splendid colours ; the pure do so beautifully. 
This is sufficient to show that cubes of this substance can- 
not exist, inasmuch as it does not belong to the cubic 
system. 

d. Calculi composed of lithic acid are generally smooth, 
or having broadish tubercles ; of a brownish-yellow colour, 
with their layers concentrically arranged ; and are readily 
distinguished by their entire volatility by heat ;* insolubility 
in water; formation of murexide with nitric acid and sub- 
sequent evaporation; solubility in liquor potassee; and re- 
precipitation in a pure crystallized state by the subsequent 
addition of an acid. 

13. The fixed salts are chloride of sodium, sulphates of 
soda and potash, phosphate of soda, magnesia and lime. 
For ordinary purposes these may be estimated together; 
they constitute the residue of the incineration of the extract 
arising from the evaporation of any given weight of urine. 
They are composed of salts soluble and those insoluble in 
water. The former are alkaline, the latter earthy salts. A 
portion of silica has usually been considered as present in 
urine, but the quantity is so minute, if really existing in 
health, that it is not worth noticing; it would remain in 
combination with the earthy phosphates. Should you re- 
quire to separate the alkaline salts proceed thus:— Divide 
their solution in water into two parts ; acidulate one of these 
with nitric acid ; then precipitate the contained sulphuric 
acid by nitrate of baryta ; the sulphate of baryta falls as a 
white precipitate! (the other salts of baryta would be dis- 
solved by the nitric acid should they form in the solution •) 
this is collected on a filter, washed, and dried; it is then 
weighed and by deducting the weight of the baryta, we 
bS %5f &£!*»* *" which lt w/s com- 
If the filtered liquor and washings, which are acidulous 
from the excess of nitric acid added 8 , be saU,rated "ilh a T 

7 Amorphus and granular. 
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raonia, a precipitate of phosphate of baryta* falls ; this must 
be collected and dried on a filter; by abstracting the weight 
of the baryta we obtain the weight of the phosphoric acid. 
( Vide Table.) 

The second portion is used to determine the quantity of 
muriatic acid present. Acidulate this with nitric acid. 
(This dissolves the phosphate of silver or the sulphate, 
should any be formed.) On the addition of solution of 
nitrate of silver, an insoluble curdy chloride is formed,! 
which must be collected on a filter, well washed, and then 
fused. From the weight of this we abstract the weight of 
the silver, when we obtain the weight of the chlorine pre- 
sent. (Vide Table.) 

To ascertain the weight of the bases we must add the 
correct proportions requisite for neutral combination. The 
sulphuric acid must be divided between potash and soda ; 
the phosphoric and muriatic acids are in combination with 
soda only. 

Table showing the composition of the various salts men- 
tioned above. | 



Phosphate of baryta 


. . iBaryta 


68-20 -f acid 31-80 = 100 


Sulphate of baryta . 


. Baryta 


65-63 + acid 31-37 = 100 


Sulphate of potash 


. . Potash 


54-07 4- acid 45-93 = 100 


Chloride of silver . 


. . Silver 


75-33 -j- acid 24-67 = 100 


Chloride of sodium 


. . Sodium 


39-66 + acid 60-34 = 100 


Phosphate of soda . 


. . Soda 


46-70+ acid 59-30 == 100 


Sulphate of soda . 


. . Soda 


43-82 -f acid 5618= 100$ 



Common salt ordinarily crystallizes in cubes; a peculiar 
structure is apparent in many of these crystals which gives 
very much the appearance of octahedra (PI. II. fig. 28.) 
When common salt is slowly evaporated from its solution 
in urine it crystallizes in oclahcdra, tetrahedra, and in irre- 
gular hexagonal plates, &c. (PI. II. fig. 29.) These latter 
might be confounded with cystine ; but they are readily 
soluble in water, which cystine is not; and they are not 
destroyed by a red heat, which cystine is ; moreover, we 
rarely or never see an equilateral hexagonal plate as in cys- 



Idem. f Idem. X In the anhydrous state. € Berzolins. 
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tine. The effect of polarized light would in some instances 
assist us. 

When common salt is crystallized rapidly by evaporation 
from a solution containing urea, delicate foliaceous crystals 
are produced, among which the form of the dagger is pre- 
dominant. This has been proposed as a test of the pre- 
sence of urea, and may perhaps in some cases be useful. 
(PI. II. figs. 30 and 31.) 

The presence of soda in any residue of incineration is 
readily indicated by the blowpipe.* The ash is moistened 
with distilled water, and placed in a loop or small coil of pla- 
tinum wire ; by directing the point of the inner flame against 
this, the outer flame becomes tinged intensely yellow. 

Potash is recognised by its concentrated watery solution 
being precipitated by an excess of tartaric acid, forming a 
crystalline bitartrate. When examined by the microscope 
this appears in the form of rhomboidal colourless tables,! 
sometimes perfect, but ordinarily with truncation of the 
acute angles ; or a spirituous solution of chloride of plati- 
num gives a yellow precipitate, which appears under the 
microscope composed of aggregations of small prismatic 
crystals. | Both these reagents however give certain evi- 
dences of the presence of potash only when the substances 
suspected to contain it are incinerated ; for concentrated 
ammoniacal solutions produce similar precipitates with 
these reagents. By the blowpipe the salts of potash yield 
a voilet tinge to the flame. 

The mode of separating the magnesia and lime in the 
earthy phosphates is this :— Dissolve in dilute hydrochloric 
acid, nearly neutralize by ammonia, warm gently, and then 
add slight excess of oxalate of ammonia ; an insoluble pre- 
cipitate of oxalate of lime falls ; this appears under the mi- 
croscope either in amorphous granular masses of a dull 
colour, or when the formation is slower, small brilliant oc- 
tahedral crystals (PI. II. fig. 26.) The subsequent addition 

* The antimonite and antimoniate of potassa have been recom- 
mended as tests for soda forming a white crystalline precipitate Tn 
us solutions; no free acid must be present. F»«,ipiraie in 

t Vogel. 1 have always obtained the bitartrate from urine in the 
prismatic, not tabular form. in ine 

t Id. These have appeared to me as very minute octahedra. 
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of ammonia precipitates the phosphate of magnesia.* 
This assumes the form given in PI. I. fig. 18. If we 
wish to obtain the amount of sulphuric acid present in any 
product we are examining, it may be done by acidulating 
as above with nitric acid, and the subsequent addition of 
nitrate of baryta. The amount of phosphoric acid may be 
estimated in the residue of earthy phosphates, by dissolving 
these in dilute nitric acid,f nearly neutralizing by ammonia, 
and then adding solution of nitrate of silver, when the yel- 
low phosphate is precipitated. This phosphate of silver is 
composed of 82-99 parts of oxide of silver -f 17-01 parts 
of phosphoric acid in 100. 

14. The Lactates, Ammoniacal Salts, and organic 
matter with them cannot be completely separated ; and for 
practical purposes they are best estimated together. There 
is most probably free lactic acid in the healthy urine. We 
obtain the weight of these matters in an analysis thus: — 
Evaporate a given weight of urine over the steam-bath to 
dryness, weigh the residue. Then incinerate and decar- 
bonize this residue ; again weigh ; we then know the weight 
of the destructible portions of the extract ; if from this we 
extract the weight of the urea and lithic acid we shall have 
the desired weight. 

The state in which lactic acid exists in the urine is un- 
certain. It is soluble in water and alcohol, as are most of 
its salts. No precipitate is occasioned in its solution, or in 
that of its salts, by acids or alkalies. Neither lactic acid 
nor its salts, which occur in the body with alkaline bases, 
are precipitated by chloride of calcium, chloride of barium, 
nitrate of silver (although the latter solution becomes trou- 
bled after some time in consequence of the silver being re- 

* Or the following method, which is perhaps better, may be 
used : — Dissolve the two in hydrochloric acid ; then add to the solu- 
tion, first, sulphuric acid, and then sufficient alcohol to form a weak 
spirituous solution. The sulphate of lime falls as a precipitate; this 
is washed with diluted alcohol, and separated by filtration; then 
drive the alcohol off in vapour by a continued gentle heat, after 
which precipitate the phosphate of magnesia, in the bibasic form, by 
ammonia. 

f Acetic acid may be used, but on no account muriatic acid, as 
this would form an insoluble white chloride, which would quite ob- 
scure the yellow phosphate. 
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duced,) nor by bichloride of mercury. When chloride of 
iron is added to a solution of a neutral lactate, or to lactic 
acid saturated by ammonia, the solution does not assume a 
blood-red colour, nor is oxide of iron immediately precipi- 
tated by an excess of ammonia ; but after some time a tur- 
bidness and gradually a precipitate of oxide of iron falls.* 
In very dilute solutions of lactic acid this occurs immedi- 
ately. When lactates with fixed bases are heated to red- 
ness, the base remains in the ash as a carbonate. 
Composition, C 6 H 5 5 -f aq. 

In the ordinary state lactic acid occurs as a deliquescent 
liquid, but by sublimation it may be obtained in crystalline 
rhomboidal tables. f 

It is distinguished from the volatile acids by its not pass- 
ing over in distillation ; also chloride of iron added when 
the solution is supersaturated with ammonia, does not im- 
mediately yield a precipitate of oxide of iron. This last 
property distinguishes it from the mineral acids. The lac- 
tates are more difficultly recognised. We may conclude 
them to be present when the alcoholic extract, (previously 
supposing it to be free from salts of volatile or fatty acids) 
which is acid, or at least not alkaline, after incineration, and 
being moistened with distilled water, is distinctly alkaline 
(renders red litmus blue.) This means can only be adopted 
when lactic acid is combined with fixed bases. 

Microscop. characters. —As it ordinarily exists in the liquid 
state it presents no particles which can be microscopically 
recognised, but when crystallized it forms rhomboidal 
tables.:}; 

15. Lithatk of Ammonia exists in solution in all healthy 
urine (9.) It has been before noticed as sometimes being 
precipitated in health, when the quantity of water is not 
sufficient to retain it in solution. We now notice it as an 
abnormal ingredient, i. e. where it continues to be secreted 
in excess. It is the chief component of the lateritious sedi- 
ments. Its colour varies from a perfect white to a beautiful 
pink. 

* Vogel. 
water?" 8,,blimate is com P osed of C« H* O* ; or lactic acid-2 at. 
X Turner's Chemistry by Liebig and Gregory. 
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a. Chem. characters. — It is entirely soluble in boiling 
water, and in 480 parts of cold, and by evaporation yields 
crystalline needles ; also in warm dilute acids, lithic acid 
being precipitated ; also in solution of potash, as well as in 
solutions of the alkaline carbonates: it gives off ammonia 
when heated with potash ;* is entirely dissipated at a red 
heat: and when dissolved in dilute nitric acid and evapo- 
rated, the additien of ammonia devolves murexide or pur- 
purine. It is white when pure. The sediments containing 
this lithate have been divided into — 1st, the yellowish or 
nut-brown; 2d, .the reddish-brown or lateritious; 3d, the 
pink; and we ought to add to these, 4th, the white; but 
these discriminations are perfectly arbitrary, although con- 
venient for reference or description ; but it may be found of 
every variety of colour included within the above limits. 
These sediments often contain lithate of soda, the crystalline 
form of which is represented in PI. I. fig. 14 ;* and some- 
times lithate of lime in small proportion. The nature of 
the colouring matter with which they are combined is also 
not determined ; some say the cause of the colour is the 
purpurate of ammonia or murexide ; others a peculiar 
colouring principle, purpurine. 

When urine which contains lithate of ammonia in excess 
is boiled for some time, a peculiar organic insoluble com- 
pound forms in it, the nature of which is not well known. 
It is quite insoluble in nitric acid. There is no albumen in 
the urine under these circumstances. 

b. Microscop. characters. — It is nearly always amorphous ; 
I never saw more than a single natural crystalline specimen, 
and that I have in my possession ; it is figured in PI. I. fig. 
14. The radiating needles seen upon its surface have been 
described as composed of superlithate of ammonia, but I 
have not obtained enough to enable me to speak positively 
on this point. 

c. Calculi composed of lithate of ammonia are generally 
small, and of a clay colour, with a smooth surface ; they 

* The ammoniacal fumes may be detected by,— 1st, the'r odour; 
2d, their forming dense white vapours when a glass rod dipped in 
muriatic or nitric acid is held over them; 3d, their rendering moist- 
ened red litmus paper blue. 
3 
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do not possess concentric layers ; they are distinguished by 
their chemical characters. (9) . 

Should lithate of soda or lime be combined with the 
lithate of ammonia, it would not be entirely dissipated by 
heat, but an alkaline ash would be left : this should be dis- 
solved in a little dilute muriatic acid. If lime be present, 
the addition of oxalate of ammonia would throw it down as 
an insoluble oxalate ; if soda only, no such precipitation 
would occur; but by evaporation we should obtain the 
crystals of common salt. When heated before the blow- 
pipe, if soda be present, it would communicate a yellowish 
tinge to the flame ; if lime, a pale reddish purple. 

16. Phosphates. — In healthy urine we have present the 
phosphates of magnesia, lime, soda, potash, and ammonia; 
for the separation of these see (13 and 14.) To detect 
phosphoric acid in urine see (13.) 

a. When solution of ammonia is added to urine the 
whole of the phosphates is precipitated ; and if we examine 
the precipitate microscopically, we find it composed of an 
amorphous part, — the phosphate of lime, and a stellar crys- 
talline part,— the triple phosphate. When ammonia is 
formed slowly in the urine, as by the decomposition of its 
urea, the triple phosphate is produced in prismatic crystals, 
occasionally mixed with stella?, but these are very few. 
We have then two forms of triple phosphate ; a neutral — 
the prismatic ; and a bibasic — the stellate. These are 
composed of* 

The prismatic or neutral, C 2 phosphoric acid, 

< 1 magnesia, 
Ph Mg + Ph Az* H 1 * -f H 8 O 8 . ^4 ammonia. 

The bibasic composed of t 1 phosphoric acid, 

< 2 magnesia, 
PhMg 2 Az 4 H 12 + H ,0 O'°. I 4 ammonia. 

b. Chem. prop. — Triple phosphate is insoluble in water, 
readily soluble in dilute acids, and precipitated by excess 
of ammonia in the bibasic form. It is insoluble in liquor 
potassce. When heated with potash the ammonia is given 
off; it is very difficult of fusion. 

* Viela. 
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c. Microscop. char. — The bi- or sesqui-basic triple phos- 
phate is composed of minute, elegant stellae, as in PL I. 
fig. 18; it is seldom found as a natural deposit, but it may 
often be detected in urine which has become alkaline by 
keeping. 

The neutral is found in the form of beautiful prisms, the 
most prominent varieties of which are seen in PI. I. fig. 15. 
Sometimes the angles are replaced by facets. These crys- 
tals are easily recognised by their transparency, absence of 
colour, and peculiar forms. They are found naturally in 
both acid and alkaline urine; in the cases of alkaline urine 
the secretion doubtless becomes so after being secreted. I 
do not believe urine is ever secreted as an alkaline fluid. 
1 have imagined that the peculiar form of crystal (PI. I. fig. 
17) has generally predominated in the phosphates deposited 
from acid urine. Urine depositing the phosphates is usually 
pale in colour and low in specific gravity. 

When examined by polarized light, the neutral phosphate 
produces the most brilliant colours, forming one of the most 
splendid microscopic objects. The stellar bibasic triple 
phosphate produces little or no effect with polarized light. 
d. Phosphate of lime. — This is precipitated from the 
urine when either solution of ammonia or potassa is added 
to that fluid ; it is then mixed with the triple phosphate of 
magnesia in the former case, and with the phosphate of 
magnesia in the latter. 

Chem. char. — It is soluble in dilute mineral acids, and 
precipitated from these solutions by ammonia. When the 
solution in acid is nearly neutralized with ammonia and 
warmed, the addition of oxalate of ammonia gives a pre- 
cipitate of oxalate of lime. It is exceedingly difficult of 
fusion. It may be separated from the triple phosphate by 
digestion in dilute acetic acid, which dissolves the latter, 
leaving most of the former.* Dilute sulphuric acid also 
separates triple phosphate by dissolving it, leaving the lime 
as an insoluble sulphate. f 

Microscop. char. — Generally amorphous when existing 

* Scharlincr. The recently precipitated phosphate of lime is 
soluble in acetic acid. 
f Idem. 
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in urine as a natural deposit, or when hastily precipitated ; 
but found in the urine after decomposition by keeping in a 
crystalline state (PI. I. fig. 18.*) 

e. Urine containing excess of the phosphates is often ren- 
dered turbid by boiling, so as to resemble in that respect 
urine containing albumen. It has hitherto been said the 
addition of a drop or two of nitric acid distinguishes the 
two, dissolving the phosphate, and leaving the albumen. 
This however takes place equally in both cases, unless the 
quantity of albumen be very considerable. It may thus 
however be distinguished : — When a phosphatic cloud is 
produced by boiling the urine, a drop or two of nitric acid 
dissolves the cloud, as with albumen in small quantity, but 
in the former case the further addition of a few drops does 
not cause the precipitate to reappear, as is the case with 
albumen. This will distinguish the two. 

The precipitate of phosphate deposited by heat is amor- 
phous. It has been stated by a French author, that the 
opacity of the urine caused by heat, and not albuminous, is 
produced by the deposition of the subcarbonate of lime, 
sometimes of magnesia, deprived of the carbonic acid re- 
taining them in solution. This has never been the case in 
any of the specimens I have examined. It would be readily 
detected by allowing the precipitate to subside, washing it, 
and adding a dilute acid ; if it were in the state of car- 
bonate, effervescence would take place ; this would not 
occur if it were composed of phosphates. f 

/. Caculi composed of the phosphates.— The triple phos- 
phate rarely composes entire calculi ; nor does phosphate of 
lime, except in the case of prostatic calculi, which are 
almost entirely composed of it: the most common form is 




mixture of the two forms an exceedingly fusible compound, 
thus denominated the fusible calculus. These are usually 



lly 

+ You must not add the acid to the urine containing the precipitate 
aAer boiling unhout washing it ; for all urines give off hubbTe or 
effervesce under these circumstances. Mav not this f n i!, e 

bubbles and solution of the precipitate v fhe add o,T °i 

have caused the author's error] V y d " ,0n ° f an ac,d 
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very white and soft, often containing crystals of the neutral 
triple phosphate sparkling on their surface, or in their inte- 
rior. The two phosphates can be thus separated. Dissolve 
the powdered calculus in diluted hydrochloric acid ; nearly 
neutralize with ammonia, warm the mixture, then add solu- 
tion of oxalate of ammonia, this precipitates the oxalate of 
lime ; let this entirely subside (this subsidence often takes 
some time ;) by adding solution of ammonia in excess, we 
then get the bibasic triple phosphate. 

II. Constituents not existing in the healthy urine, but 
found normally in certain parts of the healthy body. 

17. Blood. — The colour assumed by the secretion con- 
taining blood varies according to the quantity contained ; 
we never see bright florid blood in this secretion ; some- 
times it is almost pitch-black ; sometimes of the colour of 
Port wine ; at other times the colour is only slightly 
deepened, the coagula of fibrin lying at the bottom of the 
containing vessel. Occasionally the secretion is acid, but 
generally alkaline. 

a. Chem. char. — When boiled the albumen is coagulated, 
and the venous red colour exchanged for that of chocolate ■; 
the fluid is decolourized, or nearly so, and the coagula 
assume the chocolate tint. Nitric acid causes a copious 
precipitate. It also becomes brightened in colour by the 
action of a strong solution of chloride of sodium, but this 
test is valueless compared with the former. 

b. Microscop. char. — In some cases, where the amount is 
small, recourse may be advantageously had to the micro- 
scope for its detection. The blood-globules may be gene- 
rally perceived, although many of them become much 
altered by remaining in the urine any length of time ; they 
become granular on the surface, but however retain their 
characteristic yellow colour, and some of the unaltered ones 
may always be found with them. (See 23. b. and Part II. 
Blood.) 

18. Bile often exists in the urine; when its passage 
through the biliary ducts is obstructed, it may readily be 
detected in this fluid. We recognise it by the i'ree pre- 
sence of its peculiar colouring matter, and the modifications 
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this undergoes when acted upon by chemical reagents. 
The urine becomes of a deep reddish-brown, yellowish, or 
greenish tint : it stains linen yellow. Sometimes it assumes 
a sedimentary form, and can be separated by filtration. 
The colouring matter of bile is insoluble in water and alco- 
hol, but readily soluble in caustic potash. When muriatic 
acid is added to urine containing bile it becomes green ; 
nitric acid produces first a green, then a brownish, and 
lastly a reddish tinge. (See Part II. Bile.) 

19. Albumen. — The urine very frequently contains this 
principle ; sometimes it appears for a time and then disap- 
pears entirely ; at others it remains constantly present. The 
secretion, when it occurs, generally contains a very consi- 
derable amount of epithelial scales, and a number of gran- 
ules or globules, not unlike those of pus. 

Chem. char. — It may readily be detected by boiling the 
urine, when it falls as an opaque white cloud ; sometimes 
merely an opacity is produced, at others the urine becomes 
almost solid. As the phosphates when in excess are pre- 
cipitated by heat, we must make use of a reagent to be sure 
we are correct in determining its presence. It has, I think, 
been quite overlooked by chemists, that albumen is redis- 
solved by nitric acid much in the same manner as the phos- 
phates, but such is the case ; and when the quantity of 
albumen present is small, the appearances presented by the 
two are not very dissimilar. They cannot be mistaken 
however if attention be paid to the following circumstances. 
A deposit of albumen by heat (when not very abundant) is 
redissolved by a drop or two of nitric acid ; so is the phos- 
phatic cloud ; on continuing to add more nitric acid to each, 
the albumen reappears ; not so with the phosphates, they 
are permanently dissolved ; moreover, a very minute quan- 
tity of acid will dissolve the phosphates, much less than is 
required to dissolve the albumen. You must by no means 
trust to solution of alum or bichloride of mercury, as has 
been recommended, for these reagents precipitate nearly all 
urines, and although the appearances produced by their 
effects are different from those where albumen is present, as 
they are liable to fallacy they should be avoided. The 
most delicate test of albumen is the formation of a precipi- 
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fate by the ferrocyanide of potassium after the addition of a 
few drops of acetic acid.* It is not precipitated by heat 
when excess of free or carbonated alkali is present, or when 
a large quantity of acetic or phosphoric acid is present. 

Another substance has been noticed f as occurring in the 
urine under certain circumstances, which might by a very 
careless observer be mistaken for albumen, inasmuch as it 
is precipitated by the addition of nitric acid. It is not how- 
ever thrown down by heat, and thus it is not very likely to 
be mistaken; moreover, the peculiar odour communicated 
to the urine under these circumstances would apprize us of 
its probable existence, — I allude to a peculiar resinous com- 
pound found in the urine of those patients under the in- 
fluence of copaiba. I must also merely mention here, 
although it is not likely to be made use of as a test, that the 
phenomena of circular polarization of light can be deve- 
loped in albuminous urine. 

Albuminous urine is generally most loaded after the com- 
pletion of digestion. Very low in sp. gr. ; sometimes how- 
ever in recent cases, and where it is combined with high 
fever and suppression of the cutaneous functions, it becomes 
very high in sp. gr., and loaded with lithates and urea. In 
these cases upon heating the urine, the lithates are first dis- 
solved, and then upon the continuance of the heat the albu- 
minous cloud appears. It is usually deficient in the ordi- 
nary amount of urea and lithic acid. The fluid has also a 
dull muddy aspect, which is considered by some persons 
as almost diagnostic. In those cases of albuminous urine 
arising from other causes than granular kidney, the mucous 
globules and epithelial scales are usually much less nume- 
rous than in the confirmed organic disease. 

Microscop. char. — Art amorphous, granular-looking cloud, 
or precipitate. This urine invariably contains a number of 
globules, not unlike those of pus, as well as a large number 
of epithelial scales. 

20. Oleo-Albuminous Urine is not by any means com- 
mon. It was first accurately described by Dr. Prout, and 
was called by him chylous urine, inasmuch as he considered 

* This cannot be depended upon alone, for the other protein com- 
pounds, fibrin and casein, are also precipitated by this reagent. 
f Dr. Rees, Medical Gazette, December 1840. 
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it to owe its peculiarities to chyle passing into the blood 
without undergoing farther elaboration, and being dis- 
charged, like other foreign matters, from the circulation by 
the kidneys. It resembles milk in colour and consistence. 
It is commonly acid, and decomposes more readily than 
natural urine. By standing it sometimes coagulates, some- 
times continues homogeneous. It is coagulated by heat, 
and when acidulated with acetic acid, yields a precipitate 
to ferrocyanide of potassium. It contains fatty matter, 
which can be separated by agitation with aether. [For a 
minute account of the properties of chyle vide Part II. 
Chyle.] 

21. A SIMPLE OLEAGINOUS OR FATTY MATTER has been 

occasionally found in the urine, forming a pellicle or scum 
on it a short time after having been passed. This has been 
supposed to arise from steatomatous tumours adhering to 
the inside of the bladder. It is rare, and has doubtless in 
some cases been added for the sake of imposition on the 
part of the patient. It would be readily distinguished by 
its peculiar appearance, the large size of the oil-globules, 
and the absence of all milkiness or opacity. 

22. Semen. — When this is present in urine the mucous 
cloud is increased and is more dense. The urine becomes 
very slightly albuminous,* and by decanting the fluid part 
of the urine, and examining the sediment under the high 
powers of a microscope, the spermatic animalcules may be 
perceived, (PI. II. fig. 33.) Vide Semen, Part II. 

III. 23. Principles occasionally found in the urine, but 
never existing in that fluid in health, nor in other fluids of 
the healthy body. 

a. Various abnormal and remarkable colouring matters 
have been occasionally found in the urine, sometimes form- 
ing a deposit, sometimes in solution. Blood has been 
noticed. (17) Prussian blue (sesquicyanide of iron) and 
indigo have both been detected. Indigo would be distin- 
guished by washing the sediment composed of it well with 
water, and drying it, when by heating it to between 500° 
and 600° it would be sublimed in acicular crystals. Prus- 

* Becquerel. 
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sian blue would be readily recognised by boiling it in so- 
lution of potash, when, upon the subsequent addition of a 
solution of perchloride of iron, the blue colouring reappears ; 
this is not the case with indigo. 

b. A blue colouring principle termed cyanourine has 
been also found in the urine. This is turned red by acids, 
and on neutralizing the acid by an alkali the original blue 
tint is restored. Caustic potash has little or no effect on it.* 
Various articles taken into the stomach alter the colour of 
the urine, such as madder, beet-root, rhubarb, &c. In 
some cases the red colour produced by some of these has 
been mistaken for blood. They would be readily distin- 
guished by the absence of the peculiar effects of boiling; 
(17) in these cases the colour is not destroyed by heat ; 
moreover, by adding liquor potassse to such urine, a green 
colour is produced ; this is destroyed on neutralizing the 
alkali by an acid, and the original tint reappears. 

c. The various shades of colour produced when the urine 
is loaded with the lithates have already been noticed ; (15 a) 
sometimes the quantity of colouring matter combined with 
the lithate of ammonia is so great as to make the urine ap- 
pear almost black. A peculiar blffck substance has also 
been noticed, which became developed after the urine had 
been passed, and has been denominated melanic acid ; but 
it is so rare as hardly to require mention. 

24. Many dietetic articles also impregnate the urine with 
their odoriferous principles; some of these become altered 
in their passage through the system. Essential oils, bal- 
sams, onions, asparagus, coffee, &c, can be detected in 
this manner. The ready communication of the odoriferous 
particles of food to the urine would indicate mal-assimi- 
lation. Oil of turpentine communicates a powerful odour 
of violets to this secretion. 

25. Salts in passing through the system are in some cases 
decomposed, in others they remain unchanged. Thus the 
tartrate, citrate, and acetate of soda or potash become con- 
verted into carbonates. The vegetable acids appear united 
with bases ; whilst the mineral salts pass through the sys- 
tem, and appear in the urine unchanged. 

* Braconnot. 
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Iodine, taken internally, appears in the urine as an iodide 
or an iodate,* and may be readily detected thus : — Add to 
the secretion a few drops of nitro-muriatic acid, or a so- 
lution of chlorine, and then a cold solution of starch ; the 
blue iodide of starch immediately appears. In some cases 
it is requisite to evaporate the urine to dryness, then to boil 
water on the residue ; this solution, tested in the same man- 
ner, produced the same effects. 

Quinine and mercury are said also to have been found in 
the urine. 

26. Hippuric or Uro-Benzoic Acid appears in the urine 
when benzoic acid has been taken internally ; it never exists 
in the healthy secretion. It is obtained on concentrating 
the urine by slow evaporation, and then adding muriatic 
acid, when it is precipitated in the crystalline form (PL II. 
fig. 40.) 

I have never been able to detect hippuric acid in the 
urine of children, although it is stated to exist there. I 
fear there is some mistake in this matter. 

Chem. char. — Uro-benzoic acid is soluble in 400 parts of 
cold, and in a small quantity of boiling water; soluble in 
alcohol, sparingly soluble in aether; dissolves without 
change in muriatic acid. Nitric acid converts it into ben- 
zoic acid. 

It is composed of C 18, N, H 9, 6. 

Microscop. char. — The crystals are long four-sided prisms, 
whose modifications are seen in PI. II. fig. 40. 

It may be distinguished from benzoic acid by its crystal- 
line form. The latter crystallizes in aggregated hexagonal 
needles of pearly scales, and is soluble in 2 parts of sulphu- 
ric aether, whereas hippuric acid crystallizes in isolated 
four-sided prisms, and is very little soluble in asther. 

27. Nitric Acid has been sometimes detected in the 
urine, and its action upon the lithic acid has been supposed 
to be the cause of the production of the purpuriate of am- 
monia or murexide, which colours the beautiful pink de- 
posits. It would be best thus detected :— Neutralize any 
free acid by potash; evaporate to dryness; dissolve the 

* Generally, if not always, as the latter ; inasmuch as on boilin* 
alcohol on the residue of evaporation the iodine is not removed. ° 
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residue in a small quantity of water; add a little sulphuric 
acid, and then a green crystal of protosulphate of iron. If 
nitric acid be present, it will be decomposed, and the re- 
sulting nitric oxide passing through the water containing 
the protosulphate in solution will cause the formation of a 
black deposit or cloud around the crystals. 

28. Oxalic Acid when added to urine forms an insoluble 
oxalate of lime, so that should it be present at any time it 
would unite with the lime always existing in urine, and 
form an insoluble compound. Should it be suspected to 
exist free, or as a soluble oxalate, it might be detected 
thus: — Add a solution of chloride of calcium to the sus- 
pected urine or solution ; if oxalic acid be present, an inso- 
luble precipitate would be formed ; this would be distin- 
guished from the sulphate of lime by its solubility in nitric 
acid, and from the phosphate or tartrate, &c. by its insolu- 
bility in a small quantity of hydrochloric acid, which these 
are ; it is, however, soluble in considerable excess. Wohler 
has observed oxalate of lime in the urine after oxalic acid 
had been taken internally, and Donne has observed- that 
after eating sorrel the urine has become filled with crystals 
of the same compound. 

29. Oxalate of Lime. — This in the form of a crystalline 
deposit is not nearly so rare as was formerly supposed ;* it 
is often combined with the lithates. 

a. Chem. char. — Insoluble in liquor potassae, also in 
acetic acid. When incinerated, carbonated and caustic 
lime are left. By boiling with excess of sulphuric acid the 
oxalic acid may be separated and recognised by its peculiar 
character, which is the formation of a white precipitate, 
soluble in nitric, but not in a small quantity of muriatic 
acid (28). 

By boiling oxalate of lime in solution of carbonate of 
potassa double decomposition takes place, carbonate of lime 
is precipitated, and oxalate of potassa remains in solution. 

b. Microscop. char.— When present in the urine it occurs 
in crystals, whose form is a very fiat octahedron. As they 
lie upon the field of the microscope they appear to hate a 
rectangular, or sometimes a square outline. When dry 

* This was first pointed out by Dr. Golding Bird. 
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they appear to have a smaller square placed within the 
larger, whose sides are opposite the angles of the latter; 
this arises from the lateral rays being refracted beyond or 
without the field of the microscope (PI. II. fig. 22.) When 
moist they appear as in PI. II. fig. 21. But their true form 
can only be shown by placing them, when gently moistened 
in sether or spirit, and then examining them under the 
microscope. Sometimes they appear in the form of what 
Dr. Bird has called dumb-bells (PJ. II. figs. 24, 25,) or 
sometimes a modification of them, which I have found, as 
in PL II. fig. 24.* By polarized light the dumb-bells give 
the most splendid colours; whilst the octahedrons produce 
very little, sometimes no alteration. 

c. Urine containing oxalate of lime is extremely various 
in its characters ; sometimes it is very pale, at others loaded 
with lithates, and high-coloured. 

d. Calculi composed of oxalate of lime, or mulberry cal- 
culi, are invariably tubercular upon the surface, of a grayish- 
brown tint, very hard and dense ; sometimes the surface is 
covered with sparkling crystals of the same composition. 
When urate and oxalate of lime are combined, they may be 
conveniently separated by digesting the powdered "calculus 
in a large proportion of dilute hydrochloric acid, which 
dissolves the oxalate alone and unchanged ; the lithic acid 
is precipitated, whilst the lime with which it was united 
combines with the excess of hydrochloric acid. The liquid 
must be filtered to get rid of the lithic acid, and by saturating 
the clear fluid with ammonia, oxalate of lime is precipitated. 
The remainder of the lime resulting from the decomposed 
urate will subside on adding oxalate of ammonia. f Before 
the blowpipe oxalate of lime chars, and on continuing the 
heat a white ash is left; this is alkaline, and effervesces 
with acids. It may be shown to be lime by dissolving in a 
small quantity of dilute muriatic acid, and adding solution 
of oxalate of ammonia, when the insoluble oxalate^ thrown 
down. 

30. Carbonate of Lime sometimes occurs as a urinary 
deposit always however as a secondary production, being 
formed from the decomposition of the calcareous salts by 

f Scharling-. 
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the carbonate of ammonia resulting from the decomposed 
urea. A small quantity is occasionally found in urine 
loaded with phosphates; it is also found in calculi, chiefly 
mixed with other ingredients. It would be readily distin- 
guished by its solubility with effervescence in dilute muri- 
atic acid, the solution being precipitated by oxalate of am- 
monia. It has been said to be the cause of the precipitate 
formed in urine by heat not albuminous; this, however, I 
believe to be incorrect. Vide (I6e.) 

31. Cystic Oxide is of exceedingly rare occurrence, but 
is sometimes found as a urinary deposit, sometimes as a 
calculus. 

a. Chem. char. — It is soluble in dilute nitric, sulphuric, 
muriatic, oxalic, and phosphoric acids ; and is insoluble in 
acetic, citric, and tartaric acids and alcohol ; also soluble in 
ammonia and the caustic alkalies, and in the fixed alkaline 
carbonates; but not in the carbonate of ammonia. It is 
entirely dissipated by heat, giving off a characteristic odour. 
It is nearly soluble in water. By the spontaneous evapora- 
tion of its ammoniacal solution it may be obtained in 
crystals. 

Composition, C 6 H 6 N S 4 4 . 

b. Microscop. char. — Cystine generally crystallizes in 
delicate six-sided plates, sometimes in quadrilateral plates; 
sometimes the crystals are crenate at the margin, with a 
dark nucleus ; and often we can perceive irregular laminae 
on their surface. 

Their effect with polarized light is very various ; some- 
times we have colour developed, but often none. 

c. Urine containing cystine has a greenish tinge, and an 
odour of sweet-briar. In putrefying this urine exhales sul- 
phuretted hydrogen. Cystine is precipitated from urine by 
the addition of acetic acid. 

d. Calculi composed of cystine are generally covered 
with smooth tubercles, and have a waxy appearance. 
When recent they are brown, but become gray or green by 
keeping. They have no concentric layers. 

32. Pus is occasionally present in urine. When in 
large quantity and unaccompanied by mucus, or when 
mixed with blood, it may generally be supposed to be de- 
rived from an abscess; but when mucus is in excess, or 
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has preceded the pus, most probably it is derived from the 
urinary mucous membrane. When present in urine it 
renders that fluid albuminous, and gives a yellowish or 
greenish tinge to the sediment which it composes ; it can 
easily be diffused through the urine by agitation, and would 
be readily distinguished from mucus by its want of tenacity 
or viscidity, and by the large number of globules which 
float in its albuminous liquid. Urine containing pus has 
little tendency to putrefy. When pus is acted upon by 
ammonia it becomes converted into a viscous gelatinous 
mass, which depends upon the union of the ammonia with 
the fatty matter of the pus. 

Microscop. char. — The peculiar globular granular particles 
can be readily perceived by a good microscope ; they are 
several times larger than those of the blood, almost colour- 
less; these characters would distinguish them when in 
small quantity from those of blood, which are entire, smooth, 
yellow, and flattened. When acted upon by acetic acid 
they leave distinct nuclei, which vary in number. Vide 
Part II. Blood and Pus. 

33. Sugar. — The presence of sugar in the urine properly 
characterizes diabetes. The quantity of urine sometimes 
passed in this disease is almost incredible. It is usually 
pale in colour, higher sp. gr. than 1030, of a hay-like 
smell. If left in a warm place it becomes covered with 
a frothy white layer, as if its surface had been sprinkled 
with flour. This is quite characteristic, and when once 
seen cannot be mistaken. This white froth is composed of 
a number of minute vegetable organizations which have 
been denominated Torulce; they occur in all fermenting 
liquids, and their growth is by some considered in relation 
to fermentation in the light of cause and effect.* They are 
figured in PI. II. fig. 35 : their development is very interest- 
ing. When first formed they are very minute spherical 
globules composed of two coats, and filled with a liquid 
containing in suspension a number of extremely minute 
granules; the globules enlarge, rise to the surface, and 
form the white scum. Some of the internal granules also 
enlarge, and become distinct nuclei. These continue ex- 

* Turpin. 
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panding, the primary globule becomes elongated, and one 
of the enlarged nuclei bursts through the envelopes of the 
maternal cell and appears as a bud ; this enlarges, others 
increase in the same manner. As the globules enlarge 
they become elongated, finally forming long, slender, jointed 
vegetables, as in PL II. fig. 35. These contain several 
nuclei which are ready to bud out in the same manner as 
their parents have originally done. They seem to increase 
in two distinct ways ; one is the budding process above 
mentioned, the other is the division of the parent cell. It 
is first divided by the increase of two, three or more nuclei 
into as many separate parts. It then becomes contracted 
opposite the spaces between the continuous extremities of 
the internal young cells, finally forming distinct and inde- 
pendent plants, capable of further propagation in a similar 
manner. 

The quantity of urea present in diabetic urine was atone 
time considered to be less than natural, but this has since 
been proved to be incorrect by the experiments of Mr. 
MacGregor.* The mode of detecting it is described at 
(11 d.) The amount of sugar may be estimated by fer- 
mentation (id.;) each cubic inch of carbonic acid gas pro- 
duced corresponding to nearly one grain of sugar. It is 
almost impossible to separate the whole of the urea from 
the sugar and other animal matters. The sugar in a quan- 
titative analysis is most easily estimated in combination 
with the lactates and other animal matters. (14) 

Crystalline sugar can be thus obtained from diabetic 
urine : — Add to its solution of diacetate of lead ; filter ; throw 
down the lead by sulphuretted hydrogen ; filter again, and 
evaporate to a syrup ; by boiling alcohol on this, and allow- 
ing it to evaporate spontaneously, crystals will be produced. 
In many cases it may be obtained merely by evaporating 
to dryness, &c, without using the acelate of lead. It is 
composed of C 12, H 14, 14. When heated with nitric 
acid oxalic acid is formed ; this may be recognised by its 
appropriate tests. (28) 

Diabetic sugar is identical in composition with that of 
grapes. Its crystalline form is represented in PI. II. 
fig. 36. 

* MacGregor, Experimental Inquiry. 
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It is readily soluble in water and a mixture of alcohol 
and water, but little or not at all in absolute alcohol and 
aether. 

The quantity of solids in 1000 parts of diabetic urine of 
different specific gravities may be readily found from the 
following Table. 



Sp. gr. at r>0" F. 


Solids. 


Sp. gr. at 50° F. 


Solids. 


1(131 


51-15 


1041 


67-65 


1032 


52-80 


1042 


69-30 


1033 


54-35 


1043 


71-05 


1034 


5G-00 


1044 


72-70 


1035 


57-65 


1045 


74-45 


1036 


59-30 


1046 


76-10 


1037 


60-95 


1047 


77-75 


1038 


62-60 


1048 


79-40 


1039 


64-35 


1049 


81-55 


1040 


66-00 


1050 


83-20* 



The phenomena of circular polarization of light are deve- 
loped in diabetic as well as in albuminous urine. 

34. Milk has occasionally been found in the urine ; but 
I believe in all cases it has been purposely put into it. 
Urine under these circumstances is coagulated by acetic 
acid but not by boiling. But by the peculiar globules 
which would be found in it, we should readily recocmise 
the imposition. (PI. II. fi g . 32. Vide Part II. Milk.) 

3 T 5 ' X f NTHIC 0xiDE is of extremely rare occurrence. It 
is, 1 think, mostly considered as doubtfully existing as a 
body sui generis. It would be distinguished by its dis- 
solving without effervescence in nitric acid, and its leaving 
a yellow residue on evaporation, not pink, as in lithic acid! 
(12a) It cannot be crystallized. It is not precipitated 
from its solution ,n potassa on the addition of hydrochlorate 
of ammonia ; this is the case with lithic acid 

36. Calculi have been found composed entirely of animal 
ma ter. I heir chemical characters resemble those of fibrin 
and they are therefore called fibrinous calculi They 2 
semble yellow wax in colour and consistence. 

* Simon. 
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Chem. char. — Insoluble in water, alcohol, and hydro- 
chloric acid. Soluble in caustic potash, and precipitated 
by muriatic acid. Soluble in acetic acid by heat, and this 
solution is precipitated by ferrocyanide of potassium. By 
the blow pipe they give out a smell of burnt horn, and 
leave a bulky charcoal. 

Composition of Xanthic Oxide, C s + N e + 2 -f H s . / 

37. After the urine has escaped from the bladder decom- 
position soon commences ; this it has been previously men- 
tioned appears to be hastened by the presence of the mucus, 
as it may be preserved from decomposition for a greater 
space of time when this is removed. In warm weather a 
urine loaded with urea will become neutral and even alka- 
line in a few hours. This process is also much hastened 
when the mucus is in excess ; these urines, if not alkaline 
at the time of passage from the bladder, very speedily be- 
come so. The first and most important change noticed is 
the decomposition of the urea ; by uniting with the elements 
of the water present, it becomes converted into carbonate 
of ammonia ; a portion of the carbonic acid of this escapes; 
the ammonia unites with the phosphate of magnesia, form- 
ing the triple salt. This is always present in a crystalline 
form in stale urine, adhering to the sides of the containing 
vessel. The phosphate of lime is partly precipitated in an 
amorphous form, and a portion of carbonate of lime is also 
formed. The urine often becomes much deepened in 
colour, and gradually opaque throughout. A scum inva- 
riably forms upon its surface, composed of a peculiar magma 
of animal matter,* covered with crystals of triple phosphate. 
It will be readily perceived from the above account how 
important it is to obtain the urine fresh and examine it at 
once; otherwise the patient may be treated as suffering 
from a phosphatic deposition, which is the consequence of 
decomposition only. 

38. The early formation of a peculiar scum on the sur- 
face of urine has been adverted to as a sign of pregnancy. 
It has been observed by many that an opaque greasy-look- 
ing layer begins to form in the urine of pregnant women 
soon after it is passed ; this often takes place whilst the 

* Consisting of very minute granular particles. 
4 
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urine is still acid, but it very soon after becomes neutral, 
and then alkaline. As soon as the urine has become neu- 
tral this crust becomes covered with crystals of the neutral 
triple phosphate. This layer or scum has been denominated 
Kiestein. When it is acted upon by acetic acid the phos- 
phatic crystals are dissolved, and the animal matter is left; 
when acted upon by ammonia the animal matter is dis- 
solved, and the crystals remain. To observe this appear- 
ance, about four or six ounces of perfectly fresh urine should 
be laid aside in a tall, moderately narrow glass vessel, and 
a paper cover laid over it, to exclude dust. It should then 
be placed in a tolerably warm atmosphere. The appear- 
ance denominated kiestein would be produced should a 
crust similar to that above described appear within a day or 
two. The crust I spoke of formerly as occurring in all 
urine could hardly be confounded with this, as it appears 
so much later in the urine. When examined microscopi- 
cally the crust of kiestein appears composed of very minute 
globules. When it has remained on the surface of the urine 
for a few days (this fluid often exhaling a peculiar cheesy 
odour) it breaks up and falls to the bottom. 

It has been stated that the quantity of the salts of lime 
in the urine of pregnancy is much diminished. I have ex- 
amined a very large number of urines of women during 
pregnancy, but I have not found this by any means correct. 
W T ith the exception of the peculiar fermentation (?) which 
produces the kiestein, and the peculiar cheese-like odour, 
there are no characteristics of the urine in pregnancy, and 
even these are not constant. 

39. In many urines, particularly those which have con- 
tained considerable excess of lithate of ammonia by being 
kept, a number of minute blackish globules appear. I have 
seen these in urine several times, but unfortunately have 
not recorded the effects of chemical reagents upon them to 
determine their nature. I satisfied myself that they were 
not lithate of ammonia, but I can say nothing more from my 
own experience. They are sketched from a preparation in 
my possession. (PI. II. fig. 34.) The urine in these cases 
had assumed the peculiar deep brownish-red colour it gene- 
rally docs by keeping. 
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DESCRIPTION OF THE PLATES. 



The sketches are all made from preserved specimens in my 
own possession, except when otherwise mentioned. The 
most common and most readily distinguished forms only are 
sketched, except where there are some peculiarly interesting 
features in others. I may say the varieties of form assumed 
hy these crystalline deposits are almost endless. 

PLATE I. 

Fjrrns of Lithic Acid. 

Fig. 1. Form of the crystals of lithic acid as obtained by adding 
a few drops of an acid to urine. They possess a 
curious hour-glass internal structure; and their ex- 
tremities are not entire, but composed of small crys- 
talline needles. The rhomboidal form, when viewed 
at the extremities, is represented in a. Magnified 90 
diameters. 

2. Ordinary form of lithic acid when occurring naturallv 
as a crystalline sediment. Internal nuclei are here 
apparent, and in some cases one or both the apices 
are prolonged into a beak-like form. 90 diameters. 

\i. Same deposit; here the obtuse angles are replaced by 
semicircular facets ; side view. 90 diameters. 

4. Same, lying on its face. 90 diameters. 

5. The forms represented here are such as are obtained in 

precipitating a boiled solution of lithic acid or lithate 
of ammonia in solution of potash by an acid; this is 
very pure and colourless ; and the internal structure 
is beautifully developed by polnrized light* 150 
diameters* 
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Fig. 6. A modification of the same. 

7. A natural form of lithic acid, frequently mistaken for 

the cubic. They are curiously nucleated, but their 
rhomboidal forms can be readily detected by exa- 
mining them in a watch-glass with aether, and &c. 
90 diameters. 

8. Aggregation of lithic acid prisms. 90 diameters, natu- 

ral. 

9. Foliaceous crystalline forms of lithic acid, sometimes 

occurring in urine with the regular ordinary rhom- 
boids. In some cases they appear tied round the 
centre as with a string. 90 diameters. 

10. Curiously nucleated form of lithic acid, the nucleus 

retaining the rhomboidal outline. 90 diameters. 

11. The same as fief. 3, and having a rectangular nucleus. 

12. Modification of fig. 9. 

13. Prismatic forms of lithic acid. Here the rhombic 

prism is elongated, so that these crystals always 
present a rectangular outline. The true form is dis- 
covered by moistening with aether, &c. The rhom- 
boidal outline may often be detected on their extremi- 
ties, as in <*, and they are often beautifully striated 
transversely, as in /3. 90 diameters. 

14. Lithate of ammonia in the globular form; the needles 

are most probably in the state of superlithate; minute 
rhomboids of lithic acid mixed with it, and probably 
resulting from its ffertial decomposition. Very rare. 
300 diameters. 
14.* This is the form of lithate of soda. I have twice met 
with it, it approaches very near to my form of lithate 
of ammonia (fig. 14.,) bur is distinguished by the 
needles in the former being acute at the extremities, 
and in the latter obtuse. 

Forms of Phosphates. 

15. Various forms assumed by the neutral triple phosphate. 

A trilateral prism with truncated summits appears 
to be the predominating form. In some cases, one or 
two, and in others all the angles are replaced by facets. 
90 diameters. 

16. The same composed of aggregated prisms. This is 

by no means a common form. 300 diameters. 

17. The form of neutral triple phosphate generally found 

when the urine containing it is acid. 90 diameters. 
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Fig. 18. Forms of bi- or sometimes called sesqui-basic triple 
phosphate. 600 diameters. 
18.* Phosphate of lime after Simon.t 

Forms of Cystine. 

19. These crystals are remarkable for their regular six- 

sided form, («.,) always having traces of laminae on 
their surface («*.) In some cases their centres are 
occupied by black masses, as in b. Sometimes the 
whole crystal assumes this form. It then appears 
composed of an aggregate of minute needles. 90 di- 
ameters. 

20. Cystine assuming the form of the rectangle. The 

effect of polarized light upon this is much more 
striking than upon the six-sided form. In some rare 
cases the cystine has assumed the form of a semicir- 
cular plate, showing beautifully the black cross when 
examined by polarized light. 



PLATE II. 

Forms of Oxalate of Lime. 

21. Ordinary form when moist. The outline appears 

rectangular or square. 300 diameters. Natural. 

22. The same when dry. 

23. The same viewed edgewise, as seen rolling over in 

spirit or aether. 

24. Dumb-bell form of oxalate. 600 diameters. Natural. 

25. The same lying on its side. These appear composed 

of very minute needles. 

26. Represents the oxalate as precipitated from urine by 

oxalic acid or oxalate of ammonia. 300 diameters. 

27. The same, only exceedingly small. 

28, 29, 30, 31. Crystals of Chloride of Sodium. 

28. Crystallized from distilled water. We have here a 

peculiar appearance which might very readily be 
mistaken for that of an octahedron. 

f I have specimens of this. 
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Fig. 29. Slowly crystallized from urine. We have here forms 
somewhat resembling those of oxalate of lime and 
cystine; but there are no laminae to the hexagonal 
plates, as in cystine ; nor are the sides equal, as in 
the latter ; and the octahedron is not flattened, as in 
oxalate of lime. Moreover, the solubility of chloride 
of sodium in water would at once distinguish it from 
these two. 
The figures 30 and 31 are formed when common salt is 
crystallized rapidly from urine or a solution of urea. 
They appear generally crenate at the margin, some- 
times however quite entire, and of the form of a dag- 
ger. 90 diameters. 

32. Globules of milk, characterized by their extreme 

variations in size, absence of nucleus, and spherical 
smooth surface. It appears to me quite absurd to 
talk of the "size" of milk-globules as definite, for 
they are of almost all sizes. 300 diameters. 

33. Spermatic animalcules, with epithelial! scales and 

mucus globules,* found in urine containing semen. 
300 diameters. 

34. Black globules found in urine by keeping, mixed with 

crystals of triple phosphate. 

35. " Torula Diabetica." I do not know of any charac- 

ters by which this fungus can be distinguished from 
that found in milk or other saccharine liquids ; in 
fact, I believe they are all the same. 300 diameters. 

36. Crystals of diabetic sugar. 90 diameters. 

37. Crystals of nitrate of urea. Impure, as ordinarily 

obtained by adding nitric acid to concentrated urine, 
or that containing urea in excess. 90 diameters. 

38. The same in a more pure and distinctly crystalline 

form. 90 diameters. 

39. Crystals of oxalate of urea. 90 diameters. 

40. Crystals of hippuric acid. 90 diameters. 

c. Perfect form (Ure.) 

«, b, b. Crystallized from alcohol. 
Some of these forms are not unlike those of nitrate! 
and oxalate of urea, but the peculiar circumstances 
under which they are produced would readily distin- 
guish them. 

* From the prostate ? 



PART II 

CONTAINING THE 

GENERAL, CHEMICAL, AND MICROSCOPICAL 

CHARACTERS OF THE BLOOD, 

ETC., 
BOTH IN HEALTH AND DISEASE. 



PREFACE TO PART II. 



This Part forms the completion of the work. The proper- 
ties of the substances entering into the composition of the va- 
rious animal fluids are here entered into rather more fully than 
in the preceding Part, and their leading characteristics detailed. 
The results of the numerous analyses which have been made 
are but rarely noticed, my object being rather to show the 
manner in which such maybe best made. The excellent work 
of Simon will however be found to supply this deficiency, for 
in the second volume the most important results which have 
been obtained in this branch of investigation are contained ; 
and as a translation of it has been issued by the Sydenham 
Society, it is within the reach of all who are interested in the 
subject. Organic or ultimate analysis is not treated of, although 
it is frequently indispensable in the investigation of the nature 
of animal matters. This was expressly avoided, since distinct 
treatises have been published on it ; and it is moreover usually 
considered to require too much time and too minute a know- 
ledge of chemical manipulation to come within the grasp of the 
medical practitioner. 

An Appendix is added, into which any discoveries or new 
processes of importance that have appeared since the publica- 
tion of the first Part, and which come within the limits of the 
Manual, are abstracted. 

It would be mere waste of time to attempt to detail the ad- 
vantages to be derived from a more extended examination of 
the properties of the components of the human body in its nor- 
mal state of health, and in its deviations from this condition. 
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The important light which has been thrown upon several points 
in physiology and pathology by the researches of modern che- 
mistry and microscopy are so striking, that to be alone ac- 
quainted with them is sufficient to ensure a due appreciation of 
their importance. To argue that such investigations are idle, 
merely because each new truth which is elicited is not imme- 
diately applicable to the elucidation of some point in the his- 
tory of a disease, or to the improved application of remedial 
means for its alleviation, is as absurd as unfortunately it is fre- 
quent. There is however one consolation in this matter, 
which is, that those who are the most ready to urge these 
views and to decry the utility of calling in the aid of the colla- 
teral sciences, are such as are least acquainted with their 
details. 

In conclusion, if by writing this little book I may at all con- 
tribute to excite an increased taste for the cultivation of the 
subjects of which it treats, I shall feel amply repaid for any 
trouble bestowed upon it. 



9 St. John's Square, 
April, 1846. 



GENERAL, CHEMICAL, 

AND 

MICROSCOPICAL CHARACTERS 

OF THE BLOOD, &c. 



Before treating of the characters of the compound fluids, 
those proximate principles, &c. which are generally diffused 
through them will be described; those which are found in 
peculiar fluids only will be treated of with the fluids them- 
selves. 



I. PROTEINE COMPOUNDS. 

These substances consist of combinations of an organic 
principle with sulphur and phosphorus in various propor- 
tions; the organic principle itself is called proteine. They 
exist in two states, a fluid and a solid. In the former they 
are coagulated by electricity ; and after the addition of 
acetic acid, by solution of ferrocyanide of potassium. 
When in the coagulated or solid state, they are insoluble in 
water, alcohol and aether, partly soluble in acetic acid, en- 
tirely so in alkalies by heat, and on the addition of acetic 
acid to the alkaline solution the proteine is precipitated. 
When boiled with muriatic acid they gradually dissolve, 
assuming a lilac or bluish-purple tinge. When boiled with 
water, the base becomes oxidized. 
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1. Proteine does not occur in the solids or fluids of the 
body in an uncombined state. 

Chemical properties. — a. When carefully dried, it forms 
a brownish amber-coloured mass, which is hard, brittle, and 
may be readily pulverized ; it absorbs moisture from the 
air, but may be completely dried at 212° F.; when im- 
mersed in water, this is absorbed, rendering the proteine ge- 
latinous, and forming semi-transparent flakes. It is insoluble 
in water, alcohol and aether. When heated, it does not 
fuse until decomposition commences ; it then swells up and 
evolves the ordinary products of decomposition of nitro- 
genous bodies. It leaves no ash. By long-continued ebul- 
lition with water, it does not yield gelatine, but two sub- 
stances which have been only recently discovered by the 
indefatigable Mulder. Proteine combines with acids and 
bases. It dissolves in acetic acid, and the solution is pre- 
cipitated by ferrocyanide of potassium ;* it is soluble in 
very dilute, but precipitated by strong acids, f except the 
acetic and phosphoric; tannic acid and potash likewise 
precipitate it from its solutions in acids. On ebullition with 
dilute sulphuric acid, it becomes coloured purplish-red; 
with nitric acid, yellow or orange; with muriatic, at first 
yellowish, then bluish-purple, and ultimately brownish or 
black. The presence of oxygen is requisite for the produc- 
tion of this change in colour, which is a very characteristic 
phenomenon. Proteine dissolves in alkalies without 
change; the resulting compounds are insoluble in alcohol. 
When boiled with excess of potash, carbonate and formiate 
of ammonia, leucine, protide anderythroprotide are formed. 

Proteine is composed per cent, of carbon, 55-22; hydro- 
gen, 6-99; nitrogen, 15-97; and oxygen, 21-82, giving 
the formula C 4 ° H 30 N* 12 .| Its atomic weight is 436. 

b. Proteine maybe obtained by treating fibrine, albumen, 
caserne, or any substance containing it, with water, alcohol, 
aether and dilute muriatic acid§ in succession. It is then 
heated for sometime to 120° in a moderately strong solution 

* This precipitate is composed of hydrocyanic acid, proteine and 
cyanide of iron. ^ 

t These are compounds of the acid with proteine. 
t Liebig assumes the formula C 4 8 H 3 6 N 6 O ' * ' 
§ These agents remove extractives, fat, salts, &c." 
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of caustic potash.* Acetic acid is then added in the 
slightest possible excess; the precipitate is collected on a 
filter and washed with distilled water. 

c. Proteine forms two oxides : — 

». The binoxide is left in an insoluble form after fibrine 
has been boiled with water for some hours ; it is purified by 
ebullition with alcohol and aether, in which it is insoluble. 
It is soluble in the dilute mineral and acetic acids ; ferro- 
cyanide of potassium precipitates it from the acid solution ; 
it is also soluble in solution of potash and ammonia, and 
does not assume so deep a yellow colour from the action of 
nitric acid as proteine. 

It is composed of 1 atom of proteine 4- 2 atoms of oxgen, 
yielding carbon, 53*52; hydrogen, 7*17; nitrogen, 14-80; 
oxygen, 24-51 = C 40 H 30 N S O 14 . 

p. The tritoxide is formed by boiling fibrine or albumen 
in water for many hours, precipitating by acetate of lead, 
neutralizing the solution with ammonia. The precipitates 
are collected on a filter, and the lead separated by sul- 
phuretted hydrogen ; on evaporating the solution, the tri- 
toxide remains. It is soluble in both hot and cold water 
and in alkalies, but is almost insoluble in alcohol and quite 
so in aether. It is precipitated by the mineral acids, bi- 
chloride of mercury, and both acetates of lead, but not by 
ferrocyanide of potassium. 

It is composed of 1 atom of proteine -f 3 atoms of oxygen, 
yielding carbon, 51-38; hydrogen, 6-7S ; nitrogen, 15-01; 
oxygen, 26-82. 

d. With sulphuric acid, proteine forms a gelatinous com- 
pound, consisting of 1 atom of each constituent; it is called 
sulpho-proteic acid. When dry, it is yellow, insoluble in 
water, alcohol and aether, and forms compounds with 
metallic oxides. 

W'hen a solution of proteine (albumen or caseine) in 
acetic acid is dropped into very dilute sulphuric acid, a 
flocculent precipitate of subsulphate of proteine is formed; 
it contains 2 atoms of proteine to 1 of acid. 

e. When acted upon by nitric acid, a yellow substance, 



* This removes the sulphur and phosphorus, forming sulphuretof 
potassium and phosphate of potash. 
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xantho-proteic acid, remains undissolved, whilst nitrate of 
ammonia, oxalic and saccharic acids are formed in the 
solution. It is composed of C 3 4 H* 4 N 4 ' * + HO, and is 
insoluble in water, alcohol and eether. 

f. Proteine also forms compounds with alkalies and me- 
tallic oxides. 

g. When chlorine is passed through a solution of pro- 
teine, proteo-chlorous acid is precipitated in the form of 
white flakes; it consists of C 40 H 30 N s J2 + CIO 3 , and 
is dissolved by solution of ammonia. 

h. Protide is of a yellow colour, soluble in water and 
cold alcohol, but precipitated from its solution by basic 
acetate of lead, not by other metallic salts or tannic acid. 
Its composition is C 13 H 9 N O 4 . 

i. Erythroprotide subsides from its alcoholic solution on 
cooling, is of a reddish colour, readily soluble in water and 
hot alcohol, and is precipitated by salts of lead and silver. 
Its composition is C 13 H 8 N.O^. 

k. There is no peculiarity in the microscopic appearance 
of proteine. 

2. Albumen. — Some observations relating especially to 
the detection of albumen were made in Part I. p. 38. 

Chem. prop. — *. Fluid. — In this form it is coagulated at 
158° F., the temperature requiring to be more elevated as 
the amount of albumen in solution is less; free alkali or acid 
prevents its occurrence. Albumen is precipitated by the 
concentrated mineral acids,* alcohol, lactic acid, bichloride 
of mercury,! nitrate of silver, both acetates of lead, | alum, 
protosulphate of iron, chloride of tin,§ and tannic acid. 
Chromic acid causes a precipitate in a very dilute solution. 

* Phosphoric acid does not cause a precipitate, but metaphos- 
phoric acid does. 

f This is composed of albuminate of mercury, muriate of albu- 
men remaining in solution. The latter may be removed by washing 
■with water. 

X Neutral acetate of lead throws down a part only of the albumen, 
the diacetate the whole. In the former case, some of the albumen 
combines with, and is retained in solution by, the acetic acid ; in the 
latter, the whole of the albumen combines with the excess of oxide 
of lead, neutral acetate of lead remaining in solution. Excess of the 
diacetate redissolves the precipitate. 

§ Excess redissolves the precipitate. 
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Copious dilution with water also causes a precipitation of 
part of the albumen. 

fi. Coagulated. — In this state when dried it forms yellow- 
ish brittle masses, which when pulverized in a warm mor- 
tar becomes powerfully electrical, adhering strongly to the 
pestle ; in cold water it swells, and a very small portion 
appears to dissolve.* It is insoluble in alcohol and aether, 
and is incinerated with difficulty, leaving an ash containing 
phosphate of lime. It swells into a jelly in acetic acid, and 
is finally soluble in water, especially when heated. Sul- 
phuric and nitric acids behave to it as to proteine. It 
completely neutralizes alkalies. The quantity of ash left 
on incineration varies from 1*3 to 11 per cent. In addi- 
tion to the principal constituent, phosphate of lime, it also 
contains a trace of phosphate of magnesia with chloride of 
sodium and carbonate of soda. 

It is composed of carbon 54-84; hydrogen, 7-09; nitro- 
gen, 15-83; oxygen, 21-23; phosphorus, 0-33 ; and sul- 
phur, 0-68; or proteine, 10 atoms + S% P.f 

*/. Albumen enters into combination with acids and alka- 
lies. When solutions of metallic salts are added to it, a 
compound of the acid and albumen remains in solution, and 
may be washed away, whilst the metallic oxide combined 
w T ith another portion remains insoluble. It was formerly 
supposed that albumen is dissolved in animal fluids by the 
free or carbonated soda and salts always existing in them ; 
the experiments of Wurtz have however shown that this is 
not the case, at least in some instances. 

£ To separate pure albumen, add muriatic acid to an 
albuminous solution until no further precipitate is occa- 
sioned, wash away the supernatent liquid with very dilute 
muriatic acid, dissolve the precipitate in cold water, and 
throw down the albumen with carbonate of ammonia, col- 
lect it on a filter, wash, dry and separate all fat by boiling 
alcohol and aether; or boil an albuminous liquid, taking 
care that any free alkali is neutralized, filter, wash and dry 
the precipitate, then digest it in dilute muriatic acid, and 
subsequently treat it with alcohol and aether. In quantita- 

* 7 parts in 1000 (Chevreul.) 

f The albumen of e>igs contains a single atom only of sulphut 
thus agreeing with fibrine in composition. 
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tive analysis it may be estimated as the insoluble residue of 
the digestion of water, aether and alcohol on the dried 
extract, separation from the earthy phosphates, &c, being 
effected by incineration. 

e. Albumen, when long boiled with water, yields tritoxide 
of proteine, a portion of unaltered albumen remaining undis- 
solved. It thus differs from fibrine in the tritoxide being 
formed at once, without the intervention of the binoxide. 

If an albuminous solution be heated in an atmosphere of 
oxygen, a scum is formed on its surface. 

Microscopical characters. — See Part I. p. 39. 

3. Globuline. — This substance, which occurs in the 
blood and crystalline lens, is undoubtedly a proteine com- 
pound, resembling albumen very closely in its properties. 

Chem. prop. — «. It is precipitated from its solution by 
alcohol ; the precipitate is insoluble in water, but is partly 
soluble in boiling weak alcohol, partly separating as the 
solution cools. It is precipitated from its solution in an 
alkali by acetic acid, but not from the blood, when freed as 
perfectly as possible from albumen. A scum forms upon 
its surface on ebullition. 

When solid, it is but little acted upon by alcohol ; acetic 
acid with heat partly dissolves it. In most other respects 
it agrees with albumen in its properties.* It is insoluble in 
alcohol acidified with sulphuric acid. According to Mul- 
der's analysis, it is composed of 15 atoms of proteine -f S.f 

/3. It may be obtained by decomposing the sulphate with 
finely powdered marble, then dissolving the substance in 
boiling spirit; (0-915) on cooling it subsides. 

4. Fibrine, like albumen, exists in two states, a fluid 
and a solid. 

*. Fluid. — We have but little opportunity of examining 
fibrine in its naturally fluid state, for as soon as it is re- 
moved from the living vessels it commences to solidify. 
The addition of salts, as sulphate or carbonate of soda, &c, 
will however prevent this. It is perhaps beyond the limits 
of this manual to enter into the question, whether the 
fibrine is really dissolved in the blood and other fluids, or 

* For some further observations on this substance, see " Medical 
Gazette," vol. xxxvi. p. 184. 

f Mulder found the per-centage of sulphur. = 0*272. 
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whether it exists in a semi-fluid state or suspended in the 
form of minute particles, the cohering of which causes the 
apparent coagulation. I have no doubt that the former 
view is correct; for although minute granules can always 
be detected in fibrinous and other animal fluids, if a drop 
of the latter be placed under the microscope prior to coagu- 
lation, the fibres or masses of fibrine which are subsequently 
seen to form are far more considerable than could possibly 
have resulted from the union of the scattered granules. 

(i. Solid. — In this state, fibrine is almost entirely insolu- 
ble in water, alcohol and aether. When dried and free 
from fat, it forms a yellowish opaque mass ; if at all trans- 
parent, it still contains fat. It is difficultly incinerated, 
leaving an ash consisting of about - 6-08 per cent. ; this 
is composed of phosphate of lime, a little phosphate of 
magnesia, and sometimes a little silica; but it contains 
neither iron, alkali, nor carbonate of lime. Muriatic acid 
with heat colours it of an indigo-blue colour. It is much 
more readily acted upon by acetic acid than albumen. It 
becomes yellow with nitric acid. Alkalies saturate it as 
perfectly as albumen. Peroxide of hydrogen added to 
moist fibrine is decomposed, oxygen being evolved and 
water formed ; this does not occur however if (he fibrine 
has been boiled with water or digested with alcohol; it 
also happens, in a greater or less degree, with many organic 
tissues which contain no fibrine. Notwithstanding the 
similarity between the two, it does not occur with albu- 
men.* Fibrine usually contains about 2-4 per cent, of fat. 

It is composed of 10 atoms of proteine S -f- P, yielding 
carbon, 54*56; hydrogen, 690; nitrogen^ 15*72 ; oxygen, 
22-13; sulphur, 0*36; and phosphorus, 0*33 per cent. 

When boiled it is first transformed into binoxide, and 
subsequently into tritoxide of proteine. 

y. Fibrine is most readily obtained by stirring blood im- 
mediately after its withdrawal from a vessel with a glass 
rod ; the clot is thoroughly washed with water, being oc- 
casionally pressed until it is completely colourless; it is 
then dried, powdered and exhausted with aether. 

<?. The means of distinguishing fibrine from albumen are 

* Berzelius. 



66 

unsatisfactory. When fluid, the spontaneous coagulation 
of the former is decisive, although its non-occurrence does 
not afford positive proof of its absence. "When solid, the 
best characters are the more bluish colour formed with 
muriatic acid and the greater action of acetic acid. 

The cohesion of fibrine varies greatly ; sometimes it forms 
a firm fibrous clot, at other times an almost diffluent granular 
mass. 

e. Microscop. char. — Fibrine exhibits two microscopic 
forms; one undistinguishablefrom albumen, the other com- 
posed of delicate fibres crossing in various directions. 
The latter is readily seen in fibrine separated from blood by 
stirring, or in a drop of blood coagulating under the micro- 
scope. 

5. Caseine. — This substance varies somewhat in its 
properties according to the source from which it is derived. 
*. Fluid. — It is precipitated by the mineral, acetic and 
lactic acids,* but the precipitate is soluble on the addition 
of excess ; it is also precipitated by alcohol, chloride of 
calcium, both acetates of lead, chloride of tin and chromic 
acid. When boiled, it is not coagulated, but a scum forms 
upon its surface ; this does not occur however without access 
of oxygen, as for instance in an atmosphere of carbonic 
acid. It is coagulated by rennet when sugar of milk is 
present, but not otherwise ; the coagulation is really effected 
by the lactic acid formed from the decomposition of the 
sugar. JEther coagulates the caseine in cow's milk, but 
not that in the human fluid. Ferrocyanide of potassium 
causes a precipitate in the acetic solution of caseine. 

Rochleder states that caseine is nearly insoluble in water, 
that the soluble caseine in milk is combined with potash, 
soda or lime, and that its coagulation is nothing more than 
a separation of caseine, resulting from the combination of 
the acid with the base of the caseine compound. This is 
however very improbable ; otherwise, sufficient of any acid 

» These precipitates are usually stated to be compounds of the 
caseine with the acid. M. Rochleder however did not find any ma- 
terial difference on analyse between the precipitated substance,after 
it had been boded 5 or 20 times with water, and ordinary caseine. 
It is however highly probable that by this treatment the compound 
is decomposed and its actd removed. ' 
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to neutralize the alkali present should precipitate the whole 
of the caseine, which is not the case. 

&. Solid.— -In this state it is yellowish, swells in water, 
but does not dissolve in it, nor in alcohol and aether. 
Acetic acid dissolves it, especially with heat. It is acted 
upon by mineral acids like albumen. Alkalies dissolve and 
decompose it when concentrated. When incinerated, it 
leaves an ash containing carbonate and phosphate of lime; 
of the latter about 6 per cent, in the caseine which has not 
been treated with acids. 

y. The caseine of human milk differs principally from 
that of the cow in its greater solubility in water, the less 
perfect precipitation by acids, especially dilute sulphuric, 
muriatic and lactic. Caseine, like albumen, forms two 
compounds with metallic salts, one soluble and the other 
insoluble. 

Caseine is composed of 10 atoms of proteine -f 1 of S. 
The absence of phosphorus is a remarkable peculiarity ; it 
yielded carbon, 54-96; hydrogen, 7*15 ; nitrogen, 15*80; 
oxygen, 21-73 ; and sulphur, 0-36. 

«k Caseine may be obtained by adding sulphuric acid to 
skimmed milk, washing the coagulum with water, and de- 
composing the sulphate with carbonate of lime or lead ; the 
soluble caseine thus obtained however generally contains 
some of the base used. The lead may be separated by 
sulphuretted hydrogen. Or the precipitate with sulphuric 
or acetic acid may be boiled repeatedly and in a consider- 
able quantity of water, washed, dried, and the fat removed 
by aether. 

f. Microscop. char. — Caseine is composed of minute 
granules, aggregated as in albumen to form flakes or masses 
of various sizes, but not possessing any characteristic form 
or appearance. 

6. Kkratinf. is the name applied by Simon to the pecu- 
liar animal substance constituting horn, the epidermis, epi- 
thelium, nails, hair, &c. Recent experiments have shown 
that this substance is, in some cases at least, a compound 
of proteine and its oxides ; but as its properties are tolerably 
definite, the name may be conveniently retained. 

Chem. prop. — It is colourless when pure, insoluble in 
water, both hot and cold, also in aether and alcohol. It is 
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soluble in liquor potassce, partially so in ammonia; also 
soluble in sulphuric acid, imperfectly so in nitric acid, 
being at the same time coloured yellow. Acetic acid dis- 
solves merely a trace; ferrocyanide of potassium causes 
little or no precipitate in the solution. By dissolving hair 
in potash, rendering the solution as slightly acid as possible, 
a precipitate of proteine falls ; on adding more acid, binoxide 
of proteine is precipitated. It is not known whether the 
same occurs with all the keratine compounds. When 
boiled with muriatic acid, the solution becomes reddish- 
brown. 

When incinerated, keratine leaves the same earthy and 
alkaline salts as albumen or fibrine. In the hair, in addi- 
tion to these, phosphate of magnesia, silica, and oxides of 
iron and manganese have been found. The hair, which 
has received more attention than any other keratine com- 
pound, contains sulphur and a very minute quantity of 
phosphorus. In preparing hair for analysis, it cannot be 
digested with alcohol or aether, as these agents act upon the 
sulphur it contains; consequently the state in which the 
last substance is contained in it must differ from that of the 
sulphur in albumen, fibrine or caseine, as in these it is not 
removed by either aether or alcohol. 

Keratine in the hair is composed of C 40 H 33 N 6 OS 15 , 
giving carbon, 51-529; hydrogen, 6-687 ; nitrogen, 17-936; 
sulphur and oxygen, 23-848 per cent. The sulphur 
averages 5 per cent. 

Microscop. char.— The appearances presented by the 
different varieties of keratine relate principally to the ex- 
tent of its organization ; there is nothing characteristic in 
the substance itself. The structures formed of it, as far as 
they come within the limits of this manual, will be de- 
scribed with the fluids in which they occur. For descrip- 
tions of the remainder, Mr. Paget's « Report,"* or Henle's 
"General Anatomy"! may be consulted. 

. * "Report of the Resalts obtained by the Use of the Microscope 
in the Study ot Human Anatomy," Brit, and Foreign Med. Keview, 

f "Allgemeine Anatomie," von J. Henle, one of the volumes of 
fcommering's ''Anatomie." 
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II. GELATINOUS COMPOUNDS. 

These substances occur extensively in the human body. 
They swell and become transparent in cold water, dissolve 
in boiling water; and if the solution be not too dilute, con- 
crete into a jelly on cooling. They are precipitated by 
chlorine, tannic acid, many earthy and metallic salts, and 
chloride of platinum, but not by electricity. They are 
especially distinguished from the proteine compounds by 
the addition of ferrocyanide of potassium after acetic acid 
causing no precipitate, by the action of hot water, and their 
not being precipitated from their solution by acids. 

Chevreul found that a certain quantity of tendon, dried 
at 212°, yielded the same weight of gelatine dried at the 
same temperature ; so that it probably exists already formed 
in the structures. 

7. Gelatine occurs in the bones, skin, serous mem- 
branes, cellular tissue, tendons, ligaments and ossified car- 
tilages. 

«. Its solution is precipitated by bichloride of mercury, 
little or not at all by either acetate of lead, copiously by 
tannic acid, alcohol and chlorine, but not by acids, aether, 
protosulphate of iron, alum, chloride of calcium, nor alka- 
lies ;* protochloride of tin causes a very slight precipitate. 

When solid and dried, it is nearly colourless, horny, and 
does not exhibit any electrical phenomena on trituration. 
In cold water it swells, forming a plastic mass; in hot water 
it dissolves, the solution solidifying on cooling. It is inso- 
luble in alcohol and aether. When incinerated it puffs up, 
and leaves an ash consisting of phosphate of lime. 

It is composed of C 11 H 10 N 2 O 5 , yielding carbon, 
15-39; hydrogen, 6-64; nitrogen, 18-34; and oxygen, 
25-10. 

/3. To separate gelatine, the substance containing it must 
be soaked in water, frequently squeezed, and well washed 
on a linen bag; the softened moist mass is heated to 120°; 
ft then becomes fluid, and must be filtered ; the albuminous 

* Alkalies sometimes throw down a slight precipitate of phosphate 
of lime. 
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and mucus portions are thus separated. In preparing gela- 
tine from bones, the carbonate and phosphate of lime 
should be previously removed by digestion in dilute 
muriatic acid. 

y. If gelatine be boiled with excess of caustic potash 
until ammonia ceases to be developed, leucine and sugar 
are formed. To separate them, the solution is saturated 
with sulphuric acid, evaporated to dryness, and alcohol 
boiled on the residue. The alcoholic solution is then eva- 
porated, and the leucine extracted from the residue by cold 
alcohol. 

£ Leucine, which we have previously noticed in the action 
of potash upon proteine,* crystallizes in scales resembling 
cholesterine. It is anhydrous, readily soluble in water and 
alcohol, but not in aether. It is not precipitated from its 
solution by any reagent except pernitrate of mercury.f It 
is composed of C 12 H 12 NO 4 . 

e. Gelatine sugar (glycicolle) crystallizes in rhombic 
prisms, is readily soluble in water, difficultly so in alcohol, 
and not at all in aether. It gives off no water at 230°. In 
combination with oxide of lead, it is composed of O H 7 
N 2 O 5 . In the crystallized state it contains 2 atoms of 
water. 

£. On ebullition with nitric acid, gelatine yields oxalic, 
saccharic and artificial tannic acids, as also a fat resembling 
stearine. Leucine and gelatine sugar are also formed by 
the action of sulphuric acid on gelatine ; and the latter like- 
wise by boiling hippuric acid with muriatic acid for some 
time. 

«. The microscopic appearance of gelatine is not charac- 
teristic. 

8. Chondrine.—*. This gelatinous substance is princi- 
pally obtained from the cornea and the permanent cartilages, 
as those of the nose, the ears and the trachea, as also from 
the cartilages of the joints and the ribs. It differs in its 
properties from gelatine. Its solution is precipitated by 
acetic and the mineral acids, both acetates of lead, alcohol, 

* It is also formed by fusing potash with caseine. 
T Lehmann. 
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protosulphate of iron, chromic acid, alum,* chlorine, chlo- 
ride of tin, tannic acid, protonitrate of mercury* and nitrate 
of 'silver.* It is not precipitated by alkalies, sether, chlo- 
ride of calcium, ferrocyanide of potassium, nor bichloride 
of mercury. It is but little soluble in cold water. When 
dried, it is transparent and shining. It does not become 
electrical when powdered. 

It consists of C 320 H 260 N 40 O 140 S, or per cent, car- 
bon, 49-96; hydrogen, 663; nitrogen, 14-44; oxygen, 
28-59 ; and sulphur, 0-38. Mulder regards it as a com- 
pound of 20 atoms of chondrine free from sulphur (C IS 
H 13 N 2 O 7 ,) combined with 1 atom of sulphur. When 
incinerated, it leaves an ash (about 4 per cent.,) consisting 
principally of phosphate of lime. 

j3. Chondrine differs principally from gelatine in the 
action of acids, the acetates of lead, and the solubility of 
most of its precipitates in excess of the reagents. 

y. It may be obtained from cartilages nearly in the same 
manner as gelatine from bones, by digesting them, when 
cut up into small pieces, with water for some time ; they 
are then boiled with water, but for a much longer period 
than in obtaining gelatine. The chondrine is next preci- 
pitated by strong alcohol, the mixture set aside, the alcohol 
poured off, and the chondrine again dissolved in water. 

J\ Microscop. char. — The same as those of gelatine. 

9. Gelatine of Elastic Tissues. — «. This is obtained 
from the middle coat of arteries, the yellow ligaments of 
the vertebral column, &c, by prolonged ebullition. 

Its solution is precipitated by muriatic,! nitric, f aceticf 
and sulphuricf acids, also by tannic acid, chloride of plati- 
num and both acetates of lead, but not by ferrocyanide of 
potassium. When solid, it swells up, but is little or not at 
all soluble in cold water; it dissolves in hot water, but is 
insoluble in sether and alcohol. It has been analysed by 
Scherer,J who found it composed of carbon, 53-571 ; hydro- 
gen, 7-026; nitrogen, 15-360 ; and oxygen, 24-042; thus 

* Those reagents marked with an * redissolve the precipitate in 
excess. 

f The reagents marked thus, f in excess produce re-solution of 
the precipitate. 

£ From the middle coat of the arteries. 
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exhibiting the composition of binoxide of proteine (C 40 
H 30 N J O 14 .) 

/3. It differs from gelatine in its concentrated solutions 
only, gelatinizing, and in being precipitated by acids; from 
chondrine, in being precipitated by bichloride of mercury; 
moreover, the precipitates caused by chloride of platinum, 
alum and protonitrate of mercury, are soluble in excess of 
the precipitants, which is not the case with those formed in 
solutions of gelatine of the elastic tissues. It differs from 
the solid proteine compounds and keratine by its solubility 
in boiling water, and from fluid albumen by the reaction of 
acetic acid. 

Mulder remarks that gelatine from elastic tissues has 
properties which are intermediate between those of chon- 
drine, tritoxide of proteine and gelatine. It seems to be 
a mixture of them. 

y. Its microscopic appearance is not characteristic. 



III. EXTRACTIVE MATTERS. 

These occur in every fluid of the body, and were for- 
merly considered as composed of different organic matters, 
separable by precipitation with various reagents. They 
had never been submitted to organic analysis, and their 
separation in the manner described cannot be perfect, since 
on precipitating organic matters with salts, decomposition 
of the salt ensues, a portion of the base falling in combina- 
tion with some of the organic matter, and the acid liberated 
or the salt formed retaining either another portion of the 
organic substance or its combination with the base in 
solution. 

The extractives have been divided into the aqueous, 
which is soluble in water only; the spirituous, which is so- 
luble in water and dilute alcohol ; and the alcoholic, which is 
soluble in water, dilute and anhydrous alcohol. M Ludwie 
has shown that the binoxide of proteine in the extractives of 

nan 1° i f V T y - \t h m alc ° ho1 ' P art] y n °t ; so that one 
part would enter into the composition of the aqueous extract 
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the remainder into that of the spirituous and alcoholic. As 
the extractives of the blood have alone been accurately 
examined, I shall omit any notice of those of other fluids 
and of the substances which have been separated from 
them, as no light has yet been thrown upon their true nature. 
The extractive matters of the blood consist of salts and an 
animal substance, which M. Ludwig has proved to be 
binoxide of proteine. It is separated from beaten and 
strained blood by ebullition and stirring until the coagulum 
assumes a brown colour, then pressed in a linen cloth and 
the fluid exactly neutralized with very dilute muriatic acid. 
It is then again quickly heated to ebullition and filtered. 
The solution, thus freed from albumen, is treated with 4-5 
volumes of alcohol of spec. grav. 0-348, which causes the 
separation of white flakes. These are washed by decan- 
tation with alcohol and aether, then dried, exhausted with 
water, and again dried in the water-bath. Various salts 
are usually associated with extractive matters ; these are 
the chlorides of ammonia and sodium, sulphates, phos- 
phates and carbonates of soda and potash, alkali in com- 
bination with organic acids or other organic matters, and 
the phosphates of lime and magnesia. 

Chevreul obtained a small quantity of a substance which 
separated from the spirituous extract in a crystalline form, 
and Wohler has confirmed its existence ; it is called krea- 
tine. It is inodorous, tasteless, neutral, but little soluble 
in water, readily so in acids. Its aqueous solution is not 
precipitated by solutions of nitrate of silver, sulphate of 
copper or iron, diacetate of lead, nor concentrated solution 
of chloride of platinum. When heated, it evolves ammonia, 
phosphorous acid and a yellow gas, which partly solidifies 
into crystals ; the odour of hydrocyanic acid is also per- 
ceptible. Chevreul considers that it is probably an ammo- 
niacal salt of an acid with a compound radical. 



IV. FATTY MATTERS. 

These substances may be divided into two classes ; — 1st, 
the fatty acids ; 2d, the neutral or saline fats, consisting of 
acid and base. 
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The general properties of fatty matters are, that they are 
lighter than water, render paper transparent, fuse at a lower 
temperature than that of boiling water, are insoluble in 
water, soluble in boiling alcohol and aether, being deposited 
on cooling. 

When subjected to destructive distillation, the general 
products are carbonic, acetic, benzoic, oleic, margaric, 
stearic and sebacic acids, acroleine and inflammable gases. 

The perfect separation of many of the fats is extremely 
difficult, nor is their qualitative analysis always an easy 
task. One of the most important characteristics is their 
point of fusion or solidification, which is found to be tolerably 
constant in each. This may be ascertained by taking a 
capillary tube (easily made over a spirit-lamp ;) into this a 
small quantity of the substance is drawn by the mouth; the 
lower extremity of the tube is then sealed ; if the fat is solid 
at ordinary temperatures, it must be previously fused. The 
sealed end of the tube is then immersed in water, in which 
an accurate thermometer is placed, and the temperature of 
the water must be either raised or lowered (by the addition 
of hot water or use of freezing mixtures, according as to 
whether the substance is to be solidified or liquefied) until 
that point is observed at which the fat becomes either solid 
or fused. The following table contains the fusing and 
solidifying points of the fatty matters ordinarily occurring:— 



1 

Fatty acids. 1 F ' lsin ? 
I point. 


Solidi- 
fying 
point 


Neutral or 
saline fats. 


Fusing 
point. 


Solidi- 
fying 
point. 


Stearic . . 
Margaric 
Oleic. . . 


158° 
140° 
.... 


Below 

32° 


Stearine .... 
Margarine. . . 

Butyrine. . . . 
Cholesterine . 


143° 

118° 

293° 


Below 
24° 

32° 



1. Fatty Acids. 

10. Stearic is solid at ordinary temperatures, and occurs 
but rarely in the human body; it is stated to exist in the 
tree state, and as a soap in the bile. 
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Chem. prop. — «. Inodorous, white and of a pearly aspect ; 
almost insoluble in cold, soluble in boiling alcohol, even 
when dilute, nearly the whole being deposited on cooling. 
The alcoholic solution reddens litmus-paper, and is pre- 
cipitated by metallic salts, the precipitates disappearing 
when the liquid is heated, again subsiding as it cools. 

It is composed of C 68 H 68 O 5 + HO, and per cent, of 
carbon, 76-53; hydrogen, 12-93; and oxygen, 10-52.* 

/3. Stearic acid is prepared thus : — Saponified tallow is 
dissolved in 6 or 7 parts of warm water ; 40 parts of cold 
water are then added, and the mixture set aside in a tem- 
perate place; bistearate and margarate of potash are de- 
posited. The whole is filtered and washed with cold 
water ; the mixed fluids are collected, concentrated by 
evaporation, the free potash therein saturated with tartaric 
acid ; water is then added; the bistearates are then again 
deposited. The salts, after well-washing, are dried and 
dissolved in boiling alcohol (0-820 ;) on cooling, bistearate 
with a little margarate of potash is deposited. By repeated 
solution in alcohol and recrystallization, the bistearate is 
obtained pure. The salt is decomposed by boiling with 
muriatic acid and water, and the liberated acid is freed from 
soluble matters by repeated fusion in boiling water. 

Microscop. char. — Its crystals exist in the form of rhorn- 
boidal tables, the obtuse angles being rounded off. When 
formed tolerably slowly, the crystals are readily detected ; 
but when hurriedly deposited, they resemble some forms of 
margarine (vide PI. III. fig. 6.) 

11. Margaric acid is solid and crystalline, and occurs 
extensively in human fat combined with glycerine. 

Chem. prop. — *. But little soluble in cold, readily in hot 
alcohol, even in hot spirit. The solution reddens litmus, 
yields precipitates with metallic salts, which disappear by 
heat and subside on cooling. It is soluble in eether. 

Margaric acid is composed of C 34 H 34 O 3 + HO,f yield- 

* The numbers above adopted are those of Berzelius and Mulder. 
Redtenbacher and Varrentrapp, however, give C 68 H 66 5 + HO, 
and Gottlieb, in a recent paper, C 68 H 67 O 6 -f HO. 

f Redtenbacher and Varrentrapp adopt the numbers C 34 H 33 3 -f- 
HO. 
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ing carbon, 75-64; hydrogen, 12-86; and oxygen, 11-50 
per cent. 

|8. Margaric acid may be obtained by saponifying human 
fat or olive oil, decomposing the soap with acetate of lead; 
the precipitated lead-compound is then treated with boiling 
aether ; the remaining pure margarate of lead is subsequently 
decomposed by a dilute mineral acid ; the margaric acid 
must then be washed with hot water. It may also be ob- 
tained by boiling pure stearic acid with strong nitric acid, 
or by the destructive distillation of stearic acid. 

Microscop. app. — The crystals of margaric acid very 
much resemble some of those of margarine; they form 
needles, which are sometimes grouped (PI. III. fig. 5.) 

The following table indicates the temperatures at which 
a mixture of margaric and oleic acid solidifies or fuses: — 

Per cent of 
margaric acid. 

5 . 

10 . 

15 . 

20 . 

25 . 

30 . 

35 . 

40 . 

45 . 

12. Oleic acid forms a colourless or pale yellow oil. 

Chern. prop. — *. It powerfully reddens litmus, is soluble 
in alcohol and aether even when cold ; it is not volatile. 
When subjected to destructive distillation, sebacic acid is 
produced and condenses, in the receiver. The production 
of this substance, which occurs in the destructive distillation 
of no fat except oleic acid, or such compounds as contain 
it, affords a valuable and readily-applicable test of its 
presence. 

Oleic acid is composed of C 3 6 H 3 3 O 3 + HO,* or carbon, 

* Redtenbacher and Varrentrapp adopt the formula C 44 H 3 9 O 4 -f 
HO. Mulder gives C^H*oO^HO; the numbers adopted in 
the text are those of Gottlieb. 



Tempera- 


Per cent, of 


Tempera- 


ture. 


margaric acid. 


ture. 


45 


50 . . 


Ill 


63 


55 . . 


114 


81 


60 . . 


116 


89 


65 . . 


118 


97 


70 . . 


120 


100 


75 . . 


121 


103 


80 . . 


123 


106 


85 . . 


125 


108 


90 . . 


127 
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76-7.3; hydrogen, 11-89; and oxygen, 11-38 per cent. 
Its atomic weight is 273. 

Its solution is precipitated by metallic salts. . 
/3. Oleic acid may be obtained by decomposing oleate of 
potash or lead with a mineral acid ; it is purified by agita- 
tion with warm water, and finally separated from any solid 
fatty acids dissolved in it by gradually cooling it to 32° 
Fahr. and then filtering. 

Microscop. char. — Oleic acid appears in the form of 
highly refractive globules, undistinguishable by the micro- 
scope from oleine, butyrine, or the mixtures of fatty sub- 
stances which remain fluid at ordinary temperatures. 

13. Butyric acid exists in rancid butter, to which it 
gives its peculiar odour ; it also occurs in the contents of 
the stomach, the secretions of some glands, in the perspira- 
tion, and sometimes in the urine. It is a colourless oily 
fluid of a penetrating, peculiar odour. 

Chem. prop. — It is readily soluble in water, alcohol and 
aether, and is precipitated from its aqueous solution by 
phosphoric acid. It is volatile, distilling over unchanged 
at a temperature above 212°. It remains fluid below 15°; 
its solution is precipitated by diacetate of lead, chloride of 
tin and alum, but not by acetate of lead, nor nitrate of 
silver. Butyric acid stains paper like other fluid fats, but 
the spot disappears by heat. It is composed of C 8 H 7 O 3 * 
when combined with a base, and in the free state contains 
1 atom of water. Its atomic weight is 79. Butyrate of 
barytes yielded carbon, 31-10; hydrogen, 4-55 ; oxygen, 
15-33; and baryta, 49-02.f 

Butyric acid is best prepared by saponifying butter and 
decomposing the soap by distillation with sulphuric acid. 
The distilled liquid is then saturated with barytic water, arid 
evaporated to dryness. 

The saline mass is composed of two portions. The more 
soluble portion consists of butyrate and caproate of baryta, 
the more insoluble portion of Chevreul's caprate of baryta. 
The salts are separated by boiling the saline mass in five or 
six parts of water ; the solution is set aside to crystallize. 
The crystallized mass is again dissolved in water and eva- 

* Lerch, Chem. Gaz. vol. ii. p. 377. t Ibid. 
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porated to crystallization. The caproate of baryta is first 
deposited, so that the entire solution solidifies to a paste 
consisting of minute needles ; these are separated by pres- 
sure from the ley, which then on spontaneous evaporation 
deposits the butyrate of baryta in crystalline laminae ; this 
may be purified by recrystallization, and subsequently de- 
composed by phosphoric acid.* 

14. Sebacic acid. — This substance never occurs in the 
human body, but as its production on destructive distilla- 
tion of any fat is a valuable test of the presence of oleic 
acid, either free or combined, it is well worthy of a notice. 
It is solid, and forms pearly scales ; is soluble in hot water, 
alcohol and aether, and reddens litmus. 

It is composed of C 10 H 8 O 3 + HO, yielding carbon, 
60*01; hydrogen, 8-81 ; and oxygen, 31T8. Its atomic 
weight is 92. 

Its alkaline salts are readily soluble in water; the earthy 
and metallic salts are heavy and insoluble. 

It is obtained by subjecting oleic acid, or any substance 
containing it, to destructive distillation, boiling the product 
with water, filtering through a moistened filter; the acid 
crystallizes from the solution on cooling or by evaporation. 

Microscop. char. — Sebacic acid assumes two principal 
forms, one prismatic, the other scaly. The former contains 
within it some curious crystalline bodies resembling nuclei, 
the latter exhibits large irregular scales, somewhat resem- 
bling cholesterine, but not having its peculiar form. ( Vide 
PI. III. fig. 4.) 

2. Neutral or Saline Fats. 

These are compounds of the fatty acids with a base, 
which is generally glycerine, when otherwise it will be no- 
ticed under the neutral fat in which it occurs. These are 
the usual forms in which fats occur in the human body. 

15. Stearine exists abundantly in hog's lard, suet, &c, 

* Lerch, /. c. This author has shown that butter sometimes 
yields no butyric or caproic acids, but in their place vaccinic acid, 
the composition of which is nearly equal to the sum of the constitu- 
ents of the other two. If butyrate of baryta is present, the first 
crystals which separate do not effloresce. 
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but rarely occurs in human fat, where it is replaced by 
margarine; it is solid, white, forming a shining pearly sub- 
stance. 

Chem. Prop. — Is insoluble in water and cold alcohol, 
slightly so in the latter when hot; but little soluble in cold 
aether, readily so in hot. When dry, it is readily pulverized. 
Its solution is not precipitated by metallic salts. Stearine 
is a compound of stearic acid and glycerine. When boiled 
with an alkali, the latter combines with the acid, the glyce- 
rine being set free. 

Stearine is a bistearate of glycerine -f 2 atoms of water, 
or C 71 H' 2 O 8 (Mulder.) 

To procure stearine, fat must be subjected to heat so as 
to liberate the fatty matter: the latter is then treated with 
an equal weight of aether and strongly agitated ; this is then 
poured off and replaced several times by fresh aether. The 
aether dissolves out the margarine and oleine. The mass 
is then pressed in bibulous paper, and the stearine may be 
obtained pure by recrystallization from boiling aether. 

Microscop. char. — Stearine does not ordinarily exhibit 
any defined crystalline form. When deposited on the cool- 
ing of its boiling alcoholic solution, it sometimes appears as 
figured in PI. III. fig. 2. 

16. Margarine occurs abundantly in human fat, almost 
invariably mixed with oleine. It is solid and white. 

Chem. prop.—h is very slightly soluble in cold, but more 
in hot alcohol, readily so in hot aether, being deposited as 
the solution cools. Its alcoholic solution is not precipitated 
by spirituous solutions of metallic salts. 

It is composed of C J7 H 36 O 4 . (Mul.) 

Pure margarine is procured with great difficulty. The 
fat or oil containing it should be cooled, and the elaine " 
removed either by filtration or pressure between blotting- 
paper and subsequent washing with cold alcohol. It may 
be further purified by recrystallization several times from 
alcohol. 

Microscop. char. — It forms stellate groups of crystalline 
needles, as in PI. III. fig. 1, ( a , c,) or long delicate ramified 
needles ; (b) the crystals are small, and with a low power., 
appear in little tufts. 
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17. Oleine, when pure, is fluid and colourless, and is 
with great difficulty perfectly separated from margarine and 
stearine. 

Chern. prop.— Soluble in cold alcohol and aether ; very 
much so in them when boiling. It is not precipitated by 
spirituous solutions of metallic salts, nor is it volatile. 

It is composed of C 91 H 84 O 11 . 

It may be procured by pressing the fats and oils which 
contain it between bibulous paper, after they have been 
cooled to between 28° and 32°. The paper is then boiled 
with alcohol ; this dissolves the elaine, which must be freed 
from the former by heat and washing with water. 

Microscop. char. — Undistinguishable from elaic acid. 

18. Butyrine occurs in milk, some secretions, and in 
abnormal cysts. It forms a white or pale yellow fluid. 

Chem. prop. — It is insoluble in water, but soluble in cold, 
and especially hot alcohol, as well as in asther. When 
saponified with potash, butyric, caproic, capric, perhaps 
oleic and margaric acids, as also glycerine, are evolved. 

It is most probable that some of these substances arise 
from the decomposition of other fatty matters which are 
mixed with the butyrine, as the latter is unknown in a state 
of purity. 

It may be procured by melting butter and retaining it 
for several days at a temperature of 66° Fahr. ; a conside- 
rable quantity of stearine and margarine is then deposited 
in a granular form ; the fluid oil, consisting of butyrine and 
elaine, is filtered and agitated with an equal volume of alco- 
hol (-796) at 66° ; this dissolves nearly the whole of the 
butyrine. The solution, after evaporation, is slightly acid, 
and must be digested with a little carbonate of magnesia 
and water. ]t is then washed, again dissolved in alcohol, 
and the latter removed by evaporation. 

19. Cholesterine frequently occurs in the crystalline 
state in animal fluids, in solution in the blood, bile, fluid of 
hydrocele, and I found it in the fluid of uterine hydatids. 
It also occurs in biliary calculi, the brain, atheromatous 
tumours, &c. 

Chem. prop. — It is solid and crystalline, insoluble in 
water ; soluble in hot but little so in cold alcohol ; also 
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soluble in aether. It assumes a blood-red colour from the 
action of sulphuric acid. 

When boiled with nitric acid, cholesteric acid is formed ; 
this is but little soluble in water, readily so in alcohol and 
aether ; fuses at 136°, and crystallizes in yellow needles. 

It is not saponified by alkaline solutions, but is so by 
fusion with hydrate of potash. It resembles oleine, stearine 
and margarine, in being a saline fat, i. e. a compound of an 
acid and base. The base, however, is not glycerine, but a 
basic resin, which, as well as the acid with which it is 
combined, has not been sufficiently examined. Choleste- 
rine is composed of C 37 H 3 * 0. 

Cholesterine may be procured from biliary calculi by 
treating them with boiling water, pulverization, and boiling 
alcohol on the dry powder ; the solution must be filtered 
whilst hot ; the cholesterine is deposited on cooling, and 
may be purified by treatment with cold alcohol, resolution 
and crystallization. Ebullition with a little potash removes 
any fatty acids. It may be obtained from the brain by dry- 
ing it in a water-bath, exhausting the residue with aether, 
then with boiling alcohol ; as the alcohol cools a white pow- 
der falls. On distilling the aetherial solution a residue is 
left, from which boiling alcohol extracts cholesterine. 
The alcoholic solutions are mixed, three-fourths distilled off, 
and the remainder allowed to cool ; another white pulveru- 
lent fat subsides. The precipitates are treated with cold 
aether; on the evaporation of the aethereal solution, the cho- 
lesterine crystallizes and is purified by solution in boiling 
alcohol. 

Microscop. char. — Cholesterine is readily distinguished 
by its peculiar thin rhomboidal tables or plates;* the angles 
are sometimes truncated (PI. III. fig. 8.) 

20. Glycerine. — This principle never occurs in the free 
state, except when artificially formed. It exists in marga- 
rine, stearine, butyrine and oleine, in combination with the 
fatty acids. In this state it is anhydrous, but when set free 
by saponification, it takes up an atom of water. It forms a 
syrupy, transparent, yellowish fluid ; its sp. gr. at 60° being 

* These are generally found floating on the surface of the fluid, 
although cholesterine is heavier than water. 
6 
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1-280. It reacts with Trommer's test, as also with Petten- 
kofer's test, like grape-sugar. 

Chem. prop. — ». It is readily soluble in water and alco- 
hol, but not in aether. It is unchanged by ammonia, acetic 
acid, bichloride of mercury, either acetate of lead, chloride 
of tin, alum or tannic acid ; but is slightly precipitated by 
nitrate of silver. It does not crystallize, nor does it ferment 
with yeast. 

p. When glycerine is subjected to destructive distillation, 
acroleine is evolved, and may be obtained pure by the dis- 
tillation of glycerine with anhydrous phosphoric acid ; it is 
formed during the destructive distillation of no substance 
except glycerine, or those compounds containing it. For 
this reason, as well as from its most pungent and irritating 
fumes, it is a valuable test of the presence of glycerine and 
most fats. 

Anhydrous glycerine is composed of C 6 H 7 5 -f HO; 
in the ordinary state it contains 1 atom of water. Berze- 
lius regards it as the hydrated oxide of a radical flipvle 
C 3 H 2 ,) hence 2C 3 H 2 O + 3HO. 

y. Acroleine is liquid, colourless, soluble in water, more 
so in aether, boils at 126° Fahr., and is lighter than water; 
it is soon decomposed. It consists of C 6 H 4 O 2 . 

£ Glycerine combines with sulphuric acid forming sul- 
pho-gly eerie acid. This is a thin, colourless liquid, which 
is readily decomposed, even by evaporation in vacuo. It 
forms readily soluble compounds with lime and baryta. 
The lime salt is composed of C 6 FT O 5 , 2S0 3 , CaO. 
It may be procured by mixing one part of sulphuric acid 
with half a part of glycerine, dilution with water, and the 
addition of milk of lime until the solution is saturated. The 
sulpho-glycerate of lime remaining dissolved in the filtered 
liquid is decomposed by oxalic acid. 

Phospho-glyceric acid has just been discovered by M. 
Pelouze, and has been found by M. Gobley in the yolk of 
the egg, and very probably occurs in the human body. It 
forms a thick viscid, uncrystallizable liquid, very soluble 
in water and alcohol. It contains no phosphoric acid as 
such, and leaves an acid cinder on incineration 
. It consists of O H 7 0% P 2 O 5 2CaO 

>. Glycerine may be prepared by saponifying fatty mat- 
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ter with oxide of lead, or any alkali, and water; the water 
lost by evaporation should be constantly replaced. When 
the fat is saponified, the glycerine is found in the solution ; 
it must be freed from lead by sulphuretted hydrogen, boiled 
with animal charcoal and then evaporated. 

21. Animal soaps. — a. These substances are combina- 
tions of the fatty acids with the alkalies. They are but lit- 
tle soluble in cold water; more so in hot ; slightly soluble 
in alcohol, especially when hot; very slightly so in aether 
even when hot. They are decomposed by heating with 
acids. When the aqueous solutions of the neutral soaps 
are copiously diluted with water, acid salts are precipitated 
in a crystalline form, free alkali remaining in solution. 

/3. The alkaline soaps are prepared by boiling the neutral 
fatty matters for some time with a rather dilute solution of 
caustic alkali, replacing the water lost by evaporation ; at a 
certain period the mass forms a jelly, which by continued 
heat, if sufficient water and alkali be present, becomes per- 
fectly clear. The soap is separated from free alkali and 
glycerine by adding chloride of sodium to it whilst hot, 
until gelatinous flocculi and a perfectly clear liquid are 
formed. It may be purified by melting in an alkaline 
solution of chloride of sodium. 

y. The soaps may also be directly formed by gently 
heating the fatty acids with caustic or carbonated alkalies. 

£ The qualitative and quantitative analysis of the fats 
generally is rather a difficult procedure. The evolution of 
acroleine on the destructive distillation of the residue of the 
evaporation of the sethereal extract of any fluid, is sufficient 
evidence of the presence of fats containing glycerine; as 
has been stated, this is a product of decomposition of gly- 
cerine, which exists in oleine and margarine, the two fatty 
matters most commonly occurring in animal fluids. Buty- 
ric acid is separated by distillation. Such matters as are 
taken up by Eetber, and are soluble in water, may be re- 
moved by washing the fats with that fluid. The presence 
of the fatty acids may be proved by treating the alcoholie 
solution with acetate of lead or copper. The reagents pre- 
cipitate almost the whole of the fatty acids, leaving the 
neutral fats, which may be removed by evaporation and the 
addition of water. The fats must then be saponified ; cho- 
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lesterine is thus left unacted upon. This may be extracted 
by the action of gether upon the residue of the saponified 
fat after evaporation. The soaps are then treated with 
muriatic acid; if the odour of butyric acid is evolved, buty- 
ric, capric and caproic acids are present. We can then 
ascertain with tolerable accuracy the relative admixture of 
oleic and margaric, or stearic acid by the point of fusion of 
the remaining fatty matters (p. 74, and 76.) The micro- 
scope will also assist in the determination of the nature of 
the fatty matters. The fluid fats are undistinguishable by 
its aid from each other, but are so from the solid ; choles- 
terine is readily thus distinguished. The characters of the 
others have been detailed (see also PL III. fig. 1 to 8.) 



V. ORGANIC ACIDS. 

22. Lactic acid. — It is doubtful whether this acid is so 
generally diffused in the animal fluids as was formerly sup- 
posed. Recent experiments have shown that it in all pro- 
bability does not occur in either the blood or urine. Many 
of its properties are mentioned in Part I. p. 32. It is but 
little soluble in aether, and has a more powerful affinity for 
bases than acetic acid, it therefore decomposes the salts of 
that acid. We cannot conclude as to its presence, nor de- 
termine its quantity from the carbonated alkali found in 
the ash, as stated in Part I. p. 32, as this may depend upon 
the decomposition of other substances. Lactic acid reduces 
the silver in the nitrate to the metallic state when heated 
with it. The composition of anhydrous lactic acid per 
cent is, carbon, 44-92; hydrogen, 6-55; and oxygen, 
48-5o; when hydrated, C 40-46, H 6-61, 52-93 Its 
atomic weight is 81 {vide Part I. p. 31.) The crystalline 
sublimate (/. c.) is called lactide. 

Lactic acid may be obtained by digesting milk in a state 
of fermentation with milk, sugar and carbonate of zinc, at 
a gentle heat; the solution is then boiled and filtered whilst 
hot ; on evaporation a crystalline lactate of zinc is obtained; 

nf,! S -! 7 n , ? ° "Tf ed b 7 bar y ta > which is subsequently 
precipitated from the barytic compound by the careful addi- 
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tion of sulphuric acid : or it may be obtained by digesting 
well washed moist caseine with cane-sugar and powdered 
chalk for some weeks at a temperature of about 90°, re- 
placing the water lost by evaporation. The crystalline 
mass thus obtained is filtered through linen, pressed, dis- 
solved in boiling water, and exposed to the cold, the lactate 
of lime then crystallizes. This salt may be decomposed by 
hydrochloric acid. 

In detecting lactic acid the following process may be 
adopted.* The diluted fluid is boiled with milk of lime in 
excess, until all fumes of ammonia or coagulable matters 
are dissipated ; it is then evaporated to dryness in a water- 
bath. The extract is treated with alcohol ("830,) the solu- 
tion filtered, and the bases separated by sulphuric acid 
diluted with alcohol. Every trace of acid is then removed 
by digestion with recently precipitated carbonate of lead. 
The solution is filtered, the lead removed by sulphuretted 
hydrogen, again filtered, and after slight evaporation, di- 
luted with water, and gently heated with recently precipi- 
tated carbonate of zinc and filtered whilst hot. The solu- 
tion is evaporated to dryness, the powdered residue treated 
with alcohol, and the solution filtered. When this filtered 
solution is evaporated to the consistence of a syrup, the 
lactate of zinc crystallizes ; or if strong alcohol be added to 
it, the lactate is precipitated. The crystals must then be 
examined as to their peculiar form (PI. III. fig. 10;) they 
are usually four-sided right prisms with dihedral summits, but 
sometimes form mere plates, with two-sided extremities, or 
are combined in aigrettes. 

23. Acetic acid. — This acid has been found in various 
animal fluids, as the bullae of pemphigus, the saliva of a 
mercurialized patient, the gastric juice, the perspiration, 
milk, and in putrid urine. 

Chem. prop. — As ordinarily occurring, its properties are 
well known. It is very volatile. Its salts are soluble in 
water; those found in animal fluids are also soluble in alco- 
hol ; and when they are heated with sulphuric acid, the 
acetic odour is evolved. Acetic acid scarcely alters a solu- 



* M. Enderlin by this process was enabled to detect a very small 
quantity of lactate of soda which had been added to blood. 
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tion of iron, but the solution of a soluble acetate renders it 
of a blood-red colour. When its alkaline salts are incine- 
rated, a carbonate of the base remains. Acetic acid is not 
affected by nitrate of silver, neutral acetates however cause 
a precipitate which is soluble by considerable dilution. It 
boils at 219°. Acetic acid is distinguished from lactic acid 
by its volatility, peculiar odour, and action on salts of iron; 
the peculiar reaction of lime with lactate of copper may 
assist us in recognising lactic acid when acetic acid is also 
present; when lime in excess is added to lactate of copper, 
the solution retains its colour, a portion only of the oxide of 
copper being precipitated ; with acetate of copper the solu- 
tion is decolorized, the whole of the oxide being thrown 
down. From butyric acid it is distinguished by its odour, 
not staining paper, and its solution not being precipitated 
by phosphoric acid. 

It is composed of C 4 H 3 3 , yielding carbon, 47-54; 
hydrogen, 5-82; and oxygen, 46-64. Its atomic weight 
is 51. 

Quantitatively it may be estimated by distillation; the 
distillate is to be neutralized with baryta, excess of this 
removed by carbonic acid, the solution is then gently heated, 
evaporated to dryness, and the weight of the acid estimated 
from that of the residue ; or it may be incinerated and its 
amount calculated from that of the carbonate left. To 
separate it from the acetates, evaporate the solution to 
dryness and then distil it with sulphuric acid, and proceed 
as above. 

24. Hydrocyanic acid. — We have no satisfactory evi- 
dence of the occurrence of this poison in human secretions. 

Its ordinary properties are well known. It is very vola- 
tile. 

The alkaline cyanides are soluble in water, and evolve 
hydrocyanic acid when treated with dilute acids. 

The most important means of recognising this acid are 
as follow : — 

1. Nitrate of silver causes a white precipitate in its solu- 
tion and that of its soluble salts ; this is unaffected by light 
and insoluble in cold nitric acid, both dilute and concen- 
trated, but dissolved by either on ebullition. It is also 
soluble in ammonia. 
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2. When treated with solution of potash in excess, and a 
mixture of a proto- and persalt of iron added, a reddish- 
brown or greenish precipitate is formed ; if muriatic acid 
be next added, prussian blue remains; the muriatic acid 
dissolves any protoxide or peroxide mixed with the latter, 
and disguising its characteristic colour. 

It may be separated from a fluid by distillation in a 
water-bath, alcohol having been previously added. If the 
fluid contain an alkali, or alkali be formed during the dis- 
tillation, a little sulphuric acid should be previously added. 
The distillate should then be neutralized with potash ; the 
alcohol driven off' by a gentle heat, and the residue tested 
as above. 

25. Formic acid has been supposed to occur in the 
urine. It is a colourless fluid, boils at 210°, is not precipi- 
tated by nitrate of silver and protonitrate of mercury, but its 
soluble salts are ; if the solutions were concentrated, the 
solutions become black from the reduction of the silver and 
mercurial salts; this ensues immediately if they are heated. 
The precipitates are composed of the reduced metals. 
When a solution of perchloride of iron is added to one of 
formic acid or a formate, a blood-red colour is produced, as 
with acetates and sulphocyanic acid, or sulphocyanates. 
The reaction w T ith nitrate of silver and chloride of iron 
would serve to distinguish this acid. Since under some 
circumstances the acetate of mercury is reduced by heat, 
and the acetates react with chloride of iron in the same 
manner as the formic acid or formates, the mercurial test 
should not be relied upon. 

Formic acid is composed of C 2 H 0% HO. Its atomic 
weight is 37. 

26. Benzoic acid occurs in putrid urine, and may proba- 
bly hereafter be shown occasionally to replace hippuric acid 
in the urine of man, as occurs in some animals. 

It is but little soluble in cold water, more so in hot, and 
readily so in alcohol and cether. It sublimes readily by 
heat. 

It consists of C I4 H 5 3 + HO. Its atomic weight is 
113. 

Its crystalline form has been noticed in Part I. p. 42. 
See also PI. IV. fig. 24. 
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27. Oxalic acid has been found in the urine only (Part 
I. p. 43.) . . 

It is soluble in water and alcohol, and effloresces in the 
air. When heated with sulphuric acid, it is decomposed, 
carbonic acid and oxide being evolved, but the mixture is 
not blackened. Its solution and that of its soluble salts are 
precipitated by solution of sulphate of lime ; the precipitate 
is insoluble in acetic acid and muriate of ammonia, but 
soluble in nitric and oxalic acids. 

It is composed of C 2 O 3 -J- 3 HO. Its atomic weight is 
36. 

Its crystals are either four-sided prisms, or rhombic 
plates. 

28. Oxaluric acid has never been found in animal 
fluids, but its occurrence in the urine is not improbable. 

It forms a white crystalline powder, and is difficultly 
soluble in water. When its solution is boiled, it is resolved 
into oxalic acid and oxalate of urea. 

It is composed of C 6 H 3 N 2 7 -f HO. Its atomic weight 
is 123. 

It may be obtained by treating a solution of uric acid in 
dilute nitric acid with excess of ammonia. Oxalurate of 
ammonia crystallizes on evaporation. This is then decom- 
posed by a mineral acid. 

29. Tartaric acid has been found in diabetic urine in 
combination with lime. 

It is readily soluble in water, but with difficulty in 
alcohol. Its crystals are acute rhombic prisms. 

It is composed of O H 2 O 5 ; its atomic weight is 66. 

The bitartrate of potash is figured in PI. IV. fig. 27, and 
the tartrate of lime in PI. IV. fig. 22. The tartrate of lime 
is readily distinguished from the oxalate by its form. 



VI. INORGANIC MATTERS. 
1. Acidifiable Substances and Acids. 

30. Sulphur occurs in minute quantity in the proteine 
compounds, gelatine, bile, &c 
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Its properties are too well known to require description. 
To detect sulphur, the suspected substance or liquid should 
be boiled with a solution of oxide of lead in solution of 
potash; if blackening occur, sulphur is present. The most 
certain method of detecting sulphur is to wash away all 
soluble substances from the suspected matter, then to dry it 
and incinerate it with the addition of nitric acid, or what is 
better, a mixture of nitrate of potash and carbonate of 
barytes. The residue is exhausted with water and dilute 
nitric acid, the sulphate of baryta is left. 

In insoluble organic compounds, the sulphur may be 
separated quantitatively by treating them with water and 
acetic acid; then digesting for some time with nitric acid, 
the sulphuric acid thus formed is then precipitated by baryta 
(29) and the amount of sulphur calculated. 100 parts of 
sulphate of baryta are = 13-797 sulphur. 

31. Sulphuric acid is a common constituent of the ash 
of animal fluids. It may be formed by the oxidation of the 
sulphur existing in the liquid or solid, and thus be a pro- 
duct and not an educt, as in milk. 

It is very readily detected by the precipitate caused in its 
solution by any soluble barytic salt; this precipitate is in- 
soluble in all acids. The nitrate or the chloride is best 
used for this purpose, and the solution should be previously 
acidified with nitric acid (vide Part I. p. 29.) 

32. Muriatic acid has long been supposed to occur in 
the stomach in the free state, and the question cannot yet be 
considered as decided. Combined with soda it is found 
abundantly in all animal fluids. 

It is readily recognised and estimated by means of nitrate 
of silver (vide Part I. p. 29.) Care must be taken to distin- 
guish the chloride of silver from the cyanide,* with which 
it has been confounded. This may be avoided by recol- 
lecting that the cyanide is unaltered by light, whilst the 
chloride is blackened; they are both insoluble in cold 
dilute and concentrated nitric acid, but the cyanide is dis- 
solved by the boiling concentrated and dilute acid. Both 

* This is undoubtedly sometimes formed by the incineration of 
animal matters, either containing much alkali, or to which such has 
been added. 
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are soluble in ammonia. In estimating the muriatic acid, 
the cautions given in Part I. p. 29 should also be attended 
to. 100 parts of chloride of silver are = 25-366 muriatic 
acid. 

When free muriatic acid, muriate of ammonia, and fixed 
alkaline chlorides occur together, they may be thus esti- 
mated : divide the liquid into three parts, evaporate one to 
dryness and incinerate the extract, the ash dissolved in 
water and treated with nitrate of silver, &c. yields the 
amount of fixed chlorides, the muriatic acid and ammonia 
being volatilized ; the second portion is very accurately 
neutralized with potash, evaporated, incinerated, and treated 
as above; the increase in the quantity of chlorine arises 
from the free muriatic acid ; the third portion should be 
supersaturated with potash, evaporated and incinerated, &c. 
as before, the potassium in the excess of potash retains the 
chlorine in the acid combined with the ammonia. The 
second and third curdy precipitates should be boiled with 
dilute nitric acid to remove any cyanide formed, the chlo- 
ride of silver not being dissolved by hot nitric acid. 

33. Phosphorus exists in most of the proteine com- 
pounds. 

The amount of phosphorus in an organic substance may 
be ascertained by previously acting upon it with water and 
acetic acid. An accurately weighed portion of pure iron is 
then dissolved by heat in nitric acid (about 1 part of iron to 
2 of acid) with the compound to be analyzed; the whole is 
then precipitated by ammonia.* The precipitate is washed, 
dried, and heated to redness. By reducing from the weight 
obtained that of the oxide of iron corresponding to the iron 
used, we ascertain the weight of the acid. 100 parts of 
phosphoric acid are = 43-98 parts of phosphorus. 

34. Phosphoric acid never occurs free in animal fluids. 
It is met with in three forms, as a monobasic, bibasic and 
tribasic acid. The latter occurs most frequently, but the 
bibasic is sometimes found. The monobasic is also called 
metaphosphonc, the bibasic pyrophosphoric, and the tri- 
basic is tlie common acid. The latter is converted into the 
bibasic by a red heat. The tribasic acid when neutralized 

* If the precipitate be white, too little iron has been used. 
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by an alkali precipitates solution of silver yellow, the other 
acids white. By heating the tribasic acid with excess of 
alkali, it retains the property of yielding a yellow precipitate 
with silver after a red heat. The monobasic is composed ot 
P 2 O 5 , HO; the bibasic, P 2 s , 2H0; the tribasic, P 2 s , 
3 HO.' The phosphate of silver is soluble in nitric acid and 
ammonia. Phosphoric acid yields white precipitates with 
the chlorides of calcium and barium, and which are soluble 
in muriatic or nitric acids, but precipitated on saturating 
with ammonia ; if however a large quantity of these reagents 
be used, a portion is retained in solution. It yields, when 
neutralized, a white precipitate with solution of sulphate of 
lime, which is soluble in excess of acetic acid, and thus 
distinguished from the oxalic acid, which gives a precipitate 
insoluble in acetic acid. 

Phosphoric acid, when combined with alkalies, may be 
estimated,—*, either by the method given in Part I. p. 29 ; 
jS, by treating the solution with a mixture of sulphate of 
magnesia, muriate of ammonia and free ammonia, washing 
with water containing ammonia, drying and incinerating. 
100 parts of the pyrophosphate of magnesia left are = 63-36 
phosphoric acid ; y, or the iron process alluded to under 
phosphorus (33) may be used. 

<$>. When combined with earths the following process 
may be adopted : the compound is dissolved in muriatic or 
nitric acid and precipitated by sulphufic acid in slight ex- 
cess, two volumes of alcohol being added at the same time. 
The solution is filtered, and the precipitate washed with 
dilute alcohol, dried and weighed. The phosphoric acid 
may then be calculated from the loss, or, after the evapora- 
tion of the alcohol, by the process described above (/3.) 
s. Or, the compound having been dissolved in muriatic 
acid (avoiding great excess,) solution of perchloride of iron 
is added and then excess of acetate of soda; if the solution 
is not red, the chloride is added guttatim until it becomes 
so. The mixture is then boiled for five minutes. If a 
reddish-brown precipitate does not fall and the solution 
become colourless, more acetate of soda must be added. 
The solution is filtered whilst hot, and the precipitate well- 
washed. It is then dissolved in muriatic acid, tartaric acid 
and then ammonia added, until the precipitate at first formed 
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is redissolved by excess of the ammonia. The phosphoric 
acid is then precipitated by the process described in (340.) 
To ensure the removal of every trace of iron, the washed 
precipitate should finally be dissolved in muriatic acid and 
precipitated by ammonia.* 

35. Carbonic acid is found both free and combined in 
animal fluids. It may be recognised by being conducted 
into lime water; a white precipitate of carbonate of lime is 
then formed, which is soluble with effervescence in a dilute 
acid. When existing in any liquid in a free state, it is ex- 
pelled by a gentle heat. It is readily absorbed by a solution 
of potash, and is best estimated by absorption with potash, 
or transmission through a solution of caustic baryta. 

36. Hydrofluoric acid occurs in the human bones and 
teeth in combination with lime, and may be readily detected 
by heating the pulverized bones with sulphuric acid in a 
platinum crucible, upon the top of which is placed a glass 
plate coated with wax, and on which some device has been 
draw T n. The vaporized hydrofluoric acid corrodes the 
glass, leaving an indelible impression of the device. 

It is quantitatively determined by mixing the substance 
to be analysed with pure silica in a small flask; concen- 
trated sulphuric acid which has been boiled, is then added, 
and the flask is closed with a cork through which a tube 
drawn out to a fine point and filled with fused chloride of 
calcium is passed, fluoride of silicium is evolved; 1-395 
part of this indicates one part of fluorine; 100 parts of fluo- 
ride of silicium are = 71-68 of fluorine. 

37. Silicic acid or silica is characterized as much by its 
negative as any other characters. It is insoluble in water, 
alcohol, and all acids except the hydrofluoric. When fused 
with potash and treated with water, a portion is dissolved; 
this is precipitated in a hydrated state on the addition of 
an acid. 

When silicia is fused before the blow-pipe with carbonate 
of soda, effervescence ensues, and a clear transparent glass 
is formed. In the analysis of animal fluids, the silica re- 
mains as an insoluble residue of the action of all the ordi- 
nary solvents and acids on the ash. It is unknown whether 

* Fresenius. 
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the remarkable phosphate of magnesia 3MgO, 2P 2 s , dis- 
covered by Dr. Gregory, occurs in the ash of animal fluids. 
It is as insoluble as sulphate of baryta, and might therefore 
be mistaken for silica without proper care. 

• 2. Bases. 

38. Potash. — *. The presence of potash, which should 
always be ascertained* in the ash, is recognised by the yel- 
low precipitate caused on the addition of solution of chlo- 
ride of platinum. Its aqueous solution is also precipitated 
by tartaric acid in excess, carbazotic and perchloric acid. 

/3. As potash is usually accompanied by soda in excess, 
the process for separating potash described here applies 
principally to its separation from that alkali. The ash is 
evaporated with slight excess of hydrochloric acid, heated 
to low redness, dissolved in water, treated with excess of 
aqueous solution of chloride of platinum, evaporated in the 
water bath nearly to dryness, alcohol of '896 spec. grav. is 
then added, and after some hours' repose, the undissolved 
platino-chloride of potassium is separated by filtration, 
washed with alcohol and dried at 212° until it ceases to 
lose weight;! or the following modification may be used : 
instead of adding aqueous solution of chloride of platinum, 
3| times the weight of the ash of platino-chloride of sodium 
may be added; the mixture, dissolved in a little water, and 
evaporated to dryness at a gentle heat, is then treated with 
spirit ('896,) which dissolves chloride of sodium, and any 
excess of platino-chloride of sodium. The platino-chloride 
of potassium is then treated as above. 

39. Soda. — The best method of detecting soda has been 
described in Part I. p. 30. Its quantitative analysis is 
sometimes performed negatively, by deducting the weight 
of the chloride of potassium from that of the mixed chlo- 
rides of sodium and potassium ; the difference gives the 
chloride of sodium. 

* Vide Part I. p. 30. 

f This should be effected on a filter which has been previously- 
dried at a temperature of 212° until it ceases to lose weight ; if the 
liquid be filtered through this, the precipitate is retained, and the 
increase in weight of the filter containing the precipitate is equal the 
weight of the latter. 



94 

40. Ammonia does not exist in animal fluids in any con- 
siderable quantity, but occurs in small quantity combined 
with muriatic and perhaps phosphoric acids. It is copi- 
ously evolved from animal matters during decomposition, 
Its salts are volatilized at a heat below that of redness; 
when heated with potash, the ammonia is evolved; this is 
recognised as described in Part I. p. 33. 

To estimate ammonia quantitatively, the following pro- 
cesses may be used : — 

1st. The substance containing it, either fluid or solid, is 
distilled with excess of solution of potash by means of a 
retort and quilled receiver, the quill of the latter dipping 
into diluted muriatic acid. When rather more than half the 
solution has passed over and the whole of the ammonia has 
been evolved, the muriatic solution is treated with excess 
of chloride of platinum, &c, as directed under potash, (38. 
/3.) The platino-chloride of ammonium thus obtained con- 
tains 7-63 per cent, of ammonia, (NH 3 )= 8-08 (NH 4 .) 

2d. The dried substance is heated, either alone or with 
hydrate of potash or oxide of lead, in a small tube which is 
sealed at one extremity. The empty tube thus sealed is 
first weighed ; the salt is then put into it and the whole 
again weighed ; if alkali be used a third weighing must be 
made after its addition; the open extremity is then drawn 
out to a fine orifice, which is inserted into a cork which 
closes one extremity of an equal-sized tube containing 
hydrate of potash or caustic lime ; the other end of the pot- 
ash tube is furnished with a cork, through the centre of 
which a small piece of glass tube is passed, or it is drawn 
out. The whole apparatus is weighed, either joined or 
separately. Heat is then applied to the tube containing the 
substance, commencing at the extremity nearest to the pot- 
ash tube (which should be curved at an obtuse angle;) 
when this portion is heated the lamp should be gradually 
applied to the remainder of the tube until every trace of 
ammonia is expelled, which may be known by the applica- 
tion of turmeric or dahlia-paper to the open extremity of 
the potash tube. When this is the case, and the apparatus 
is cold, it is again weighed ; the ammonia has escaped, the 
potash has retained the water ; consequently the loss is = 
the ammonia. Or, another tube, filled with sulphate or 
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chloride of copper, may be attached to the free end of the 
potash tube ; this will absorb the ammonia, the amount of 
which can then be directly ascertained. 

41. Lime, if previously to incineration combined with 
an organic acid, is found as carbonate in the ash. In the 
soluble salts it is recognised by solution of oxalate of am- 
monia causing a precipitate in the neutral solution ; and 
estimated quantitatively, by adding slight excess of ammo- 
nia, and then excess of oxalate of ammonia, setting the 
mixture aside at a gentle heat, filtration and incineration. 
The ash thus obtained is moistened with solution of car- 
bonate of ammonia, and again heated to low redness ; or 
treated with dilute sulphuric acid, evaporated and main- 
tained at a red heat until the excess of sulphuric acid is 
expelled, then weighed as sulphate. 

In an insoluble compound, the process described in Part 
I. p. 30, may be used. It is more easily and accurately 
accomplished in modifying this process, by adding slight 
excess of ammonia, then a drop of muriatic or acetic acid, 
and subsequently excess of oxalate of ammonia, and 
proceeding as above. Oxalate of lime is insoluble in am- 
monia, very slightly soluble in oxalic and acetic acid, and 
readily so in the mineral acids. The microscopic form will 
assist in its detection (Part I. p. 43.) 

42. Magnesia, like lime, nearly always occurs as a phos- 
phate. Solutions of magnesia are precipitated by ammonia 
unless muriate of ammonia be present, when this is not the 
case; oxalic acid and oxalates cause no precipitate in a 
magnesian solution. The problem most frequently occur- 
ring is the separation of the phosphate of magnesia from 
that of lime; this has been solved in Part I. p. 30. The 
ammonio-phosphate of magnesia is but little soluble in a 
weak solution of ammonia ; this should therefore be used to 
wash the precipitate. 

Another method of separating the lime from the magnesia 
in the phosphates is by thoroughly fusing them with excess 
of carbonate of soda, or a mixture of the carbonates of soda 
and potash. The mass is to be treated with water, and the 
earthy carbonates dissolved in excess of dilute muriatic 
acid, slight excess of ammonia is to be added ; if any pre- 
cipitate be formed, more acid must be added, and this again 
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treated with slight excess of ammonia. The lime is pre- 
cipitated by excess of oxalate of ammonia, warmed and 
filtered ; the filtrate is treated with a mixture of ammonia 
and phosphate of soda, the precipitate allowed to subside, 
and well-washed with a w r eak solution of ammonia. 

When magnesia is heated before the blowpipe on char- 
coal, then moistened with solution of nitrate of cobalt and 
again heated, it becomes pale red or flesh coloured. 

43. Alumina never occurs in the healthy fluids, but has 
been found in bones and teeth, and in the faeces after 
the internal use of alum. 

Alumina which has been heated to redness is soluble in 
acids with difficulty, but soluble in excess of solution of 
potash. 

The hydrate is insoluble in water, readily soluble in pot- 
ash, soda and acids, with difficulty in ammonia, and inso- 
luble in carbonate of ammonia. It is precipitated by am- 
monia or its carbonate from the soluble salts. 

When treated before the blowpipe, as directed for 
magnesia (40,) it acquires a bright blue colour. 

It may be separated from the phosphates with which it 
remains mixed in the ash,— 1st, by fusion with carbonate of 
soda or potash, exhausting the mass with water, which dis- 
solves out the alumina, alkali and phosphoric acid, leaving 
the magnesia and lime; the alumina is then precipitated by 
supersaturating the filtrate with muriatic acid and the addi- 
tion of caustic ammonia; 2d, by digestion with caustic 
soda, in which it dissolves; 3d, or by fusion with bisulphate 
of potash, digestion with water, and precipitation by am- 
monia. The precipitate should then be dissolved in muri- 
atic acid, and again precipitated by ammonia. 

44. Oxide of Iron is a very common ingredient of most 
secretions, but is generally in small quantity only. It gives 
the ash a reddish-brown colour. It is detected by digesting 
the ash in dilute muriatic acid, nearlv neutralizing by am- 
monia, and then adding ferrocyanide' of potassium, which 
causes a blue precipitate if iron be present. Sulphocyanide 
of potassium and tincture of galls may also be used as tests; 
with the former the solution must not be alkaline, and with 
the latter it should be neutral. 

Iron may be separated quantitatively, when not mixed 
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with the phosphates, by precipitation with ammonia; it 
then falls as peroxide, which must be washed and heated 
to redness. When mixed with the phosphates, the ash 
should be fused with carbonate of soda, the mass exhausted 
with water, the undissolved residue dissolved in excess of 
muriatic acid, ammonia then added to precipitate the iron, 
the liquid filtered, the lime separated by oxalate of ammonia, 
and the magnesia by treating the filtrate with ammonia and 
phosphate of soda, as in 42. 

Or, after fusion with carbonate of soda, and the addition 
of muriatic acid, and nearly neutralizing with ammonia, the 
iron may be precipitated by hydrosulphuret of ammonia. 
When this has ceased to yield a precipitate, the liquid 
should be gently heated, set aside and filtered ; the filter 
and washed sulphuret are then digested with nitric acid at 
a gentle heat, filtered to separate any undissolved sulphur, 
and the peroxide of iron precipitated by ammonia. 

Iron may also be detected by the ash becoming magnetic 
when heated before the blowpipe on charcoal ; producing 
with borax a reddish glass, which becomes yellowish or 
colourless on cooling in the outer flame, and a bottle- or 
bluish-green glass in the inner flame. 

The remaining metals require but a very short notice, as 
they occur in extremely minute quantities, if at all, in the 
healthy body, although they frequently exist in the fluids 
after their exhibition medicinally, or as poisons. 

45. Oxide of Manganese. — This has been found in the 
air and in biliary and vesical calculi. 

It is most readily detected by the blowpipe. When 
heated on platinum-foil with soda, it forms a green glass, 
which when cold becomes bluish-green. With borax it 
forms a clear amethystine glass ; the colour is destroyed in 
the reducing flame. 

In the moist way, a very delicate test is the action of 
peroxide of lead and dilute nitric acid at a gentle heat; the 
liquid becomes of a fine purplish-red colour. 

46. Oxides of Copper and Lead are stated to have been 
detected in, and to exist as natural components of the soft 
parts and blood of the human body. They have been ob- 
tained from the intestines by completely incinerating the 

7 
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well-dried animal matters, dissolving that portion of the ash 
insoluble in water in muriatic acid, and precipitating the 
metal by sulphuretted hydrogen; the precipitated sulphuret 
was dissolved in nitromuriatic acid, sulphuric acid added, 
and the solution evaporated without nitration. On treating 
the residue with water, sulphate of copper was removed and 
sulphate of lead left. 

Lead has been detected by deflagrating the matters with 
nitre, treating the residue with nitric acid, filtering and 
neutralizing the solution, then testing it with sulphuretted 
hydrogen, carbonate of potash and iodide of potassium; 
also copper, by incinerating the substance and treating with 
nitric acid as above. The neutralized solutions gave indi- 
cations of it with sulphuretted hydrogen, ammonia and fer- 
rocyanide of potassium. 

Titanic acid has been stated to exist in the blood and 
renal capsules. I have examined the ash of blood very 
carefully, both in its ordinary state and after exhaustion with 
water and muriatic acid. In the former case, the reactions 
of iron were of course evident, but no purplish tinge 
could be produced with salt of phosphorus in the inner 
blowpipe flame on cooling, although this, which is the best 
test for titanic acid or titanium, readily occurred on adding 
a little titanic acid. 

In the latter case the ash is not entirely deprived of its 
colour; this arises from the presence of a little silicate of 
iron, left undissolved by the acid, which also gives the 
blowpipe reactions of iron, but no trace of titanic acid could 
be detected. 

47. Salts. — The various salts occurring in animal fluids 
and solids will be mentioned in the analyses of the various 
compounds in which they occur. A few of their characters, 
whieh are important in analysis and facilitate their recogni- 
tion and separation, will be described here: — 

1. Phosphates of Lime. — Two of these salts are sometimes 
met with, a neutral and a basic. 

The neutral (2CaO, P 2 0*) has only been found in cal- 
culi. When heated it fuses with difficulty. It consists of 
55-62 acid and 44-33 base. 

The basic (8CaO, 3P 2 G 5 .)— This salt is very generally 
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diffused through the fluids of the body, and exists, abun- 
dantly in the bones. It may be raised to a white heat 
without fusing. 

Berzelius has shown that the phosphate of lime obtained 
by treating a solution of bone-ash in muriatic acid with am- 
monia is not always the same.. Thus the first precipitate 
is 8CaO, 3P 2 O 5 ; but towards the end of the precipitation 
the true basic phosphate of lime, 3CaO, P 2 s , is formed; 
so that the precipitate may consist of both. The first gives 
48-5 per cent, of phosphoric acid, the basic 45'96 per cent, 
of acid. The compound 8CaO, 3P* s is probably there- 
fore 2(3CaO, P 2 0*) + 2CaQ, P* O 5 , i. e. a double salt 
consisting of 1 atom of the neutral with 2 of the basic phos- 
phate. They are both usually amorphous, but the latter is 
sometimes found in the crystalline form (Part I. PI. I. fig. 
18*; Part II. PI. IV. fig. 29.) 

2. Phosphates of Magnesia. — These are three. Two 
have been described in Part I. p. 34 ; a third occurs in the 
bones, some calculi, &c. The composition of these phos- 
phates, quoted from Vigla in Part I. p. 34, is incorrect. 
The prismatic or neutral salt has probably the same com- 
position as regards the phosphoric acid and magnesia as the 
basic salt, but perhaps contains less, ammonia; when dis- 
solved in a dilute acid and precipitated by ammonia, it 
subsides in the basic form, and is analogous to it in com- 
position. It has never been analyzed, therefore its com- 
position is uncertain. 

I analyzed the bibasic compound, and found that it cor- 
responded with the phosphate artificially prepared by Gra- 
ham. It was prepared by precipitating the lime from fil- 
tered urine by oxalate of ammonia, filtering and adding 
pare ammonia; it was subsequently dissolved in dilute 
muriatic acid and re-precipitated by ammonia. 

After drying in, the air,, it lost 54-92 per cent, of water 
and ammonia at a red heat. The residue yielded, — phos- 
phoric acid, 63-903; magnesia, 36-097 per cent. The 
ammonia amounted to 6-588. = NH 1 - 0, 2M"0, P 2 s + 
13H0. 

The third phosphate, found in bones, &c., is composed 
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of 3MgO, P 2 0*. It is probably amorphous. It fuses to a 
clear glass, and gives 54-34 per cent, of phosphoric acid. 

The remaining salts worthy of notice are arranged in the 
following table : — 



Kotes to the Table. 

* The only instance in which carbonate of 1 me has been found in 
a crystalline state in any human secretion occurred to myself. I 
found it in the urine (Med. Gaz., vol. xxxiii. p. 829.) It "is repre- 
sented in Plate III. fig-. 12. 

f 100 parts of chloride of sodium are = 25-36 nf muriatic acid. 

t 100 parts of chloride of silver are == 40-88 of chloride of 
sodium. 
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Having detailed the most important characters of those 
substances which enter into the composition of the animal 
fluids, it might be expected that it would be an easy task 
at once to distinguish any one from the others. This will 
not always be found the case. The inorganic substances 
are readily recognised; not so, however, the organic. In 
many instances ultimate analysis will alone decide the ques- 
tion ; this, in many cases, may be avoided, and the object 
attained by the estimation of the atomic weight of the sub- 
stance, the method of accomplishing which I shall briefly 
describe. The substance must be purified as completely as 
possible, if crystalline, by recrystallization. It is then com- 
bined with some fixed base. Oxide of lead or silver is ge- 
nerally used for this purpose, because most of their salts are 
insoluble and anhydrous, and moreover the quantity of the 
base is susceptible of accurate determination. Supposing 
then that the substance, as free as possible from other or- 
ganic matters, has yielded a crystalline or insoluble salt 
with either of these bases (and for this purpose the substance 
should be first dissolved in some alkali, and then decom- 
posed by a soluble salt of lead or silver, or precipitated at 
once by the addition of a soluble salt of lead or silver to its 
solution.) The quantity of water combined with it is first 
ascertained by heating it to the highest temperature possible 
without effecting its decomposition. In most cases 212° is 
sufficient ; in a few 390° may be required. The loss is es- 
timated as the water. The amount of base is next sought. 
If the substance be volatile by heat, and it is combined with 
lead, the mixture should be treated with sulphuric acid in 
excess, then heated, at first gently, finally at a continued 
red heat, until the whole of the free sulphuric acid is vola- 
tilized. When combined with the silver, it is best at once 
heated to redness. When the substance is not volatile, the 
compound should be heated to redness without any addi- 
tion. It sometimes happens that a portion of the lead is. 
reduced to the metallic state, or the silver is converted into 
carburet. In either of these cases* the residue is treated 
with nitric acid, and then again heated as before. The 

* The oxide of lead may be separated from the metallic lead bj 
acetic acid. 
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amount of oxide of lead is then ascertained, in the first case 
from that of the sulphate ; in the second, the residue is pure 
oxide. The oxide of silver is calculated from the metallic 
silver. Having thus ascertained the proportions of the 
electro-negative body and of the base, the atomic weight of 
the former is at once found by the following proportion : — 
The amount of base is to the amount of the electro-negative 
body as the atomic weight of the base is to that of the elec- 
tro-negative body. Thus, on distilling putrid urine with 
sulphuric acid, we observe the deposition of a crystalline 
sublimate on the neck of the retort ; this, when carefully re- 
moved, accurately neutralized with ammonia, decomposed 
with nitrate of silver, washed and dried, yields 47-22 per 
cent, of metallic silver = 50-71 oxide of silver. Then 

50-71 : 49-29 :; 116-3 : x. 

log : 4929 = 3-69276 
log : 1163 = 3-06558 



= 6-75834 
log : 5071 = 3-70509 



= 3-05325 = 113-0* 

By referring to the atomic weights of the substances, we 
find at once that this was benzoic acid. 



VII. THE BLOOD, 

48. The study of the chemistry of the blood, which is cer- 
tainly more important than that of any other fluid, is at the 

* These logarithms are not used for the purpose of unnecessary- 
parade, but with a view of bringing them prominently before the 
student, who will find them invaluable in abridging the sums which 
are constantly arising in analysis. The comparison of the present 
with the ordinary method renders this at once evident; and it must 
be remembered that more than half the figures here used are unne- 
cessary, except to render it clear to those unacquainted with the 
process. 
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same time considerably more difficult. We are but imper- 
fectly acquainted with several of its constituents ; the pro- 
cesses for its analysis must therefore be imperfect. 

The blood is viscid, of higher specific gravity than that 
of any other animal fluid, and slightly alkaline. The spe- 
cific gravity has been \ery differently estimated by various 
observers ; this however most probably depends upon its 
varying indifferent individuals; 1050 may be considered 
as an average. Its odour, which is most perceptible in that 
recently drawn, is peculiar, and is said by M. Barruel 
closely to resemble that of the perspiration, and to be so 
characteristic that the species and even the sex of the ani- 
mal from which it has been drawn may be determined by 
it;* it is stronger in the blood of males than in that of 
females. 

Its colour is different, according to whether it is removed 
from a vein or an artery. These differences are well known. 
The colour depends upon a peculiar substance contained 
within the corpuscles in a fluid state, and called hsematine; 
its properties will be described presently. 

Whilst circulating in the vessels, it is composed of a 
liquid, the Liquor sanguinis, and corpuscles, which are sus- 
pended in the former; the diffusion of the latter in great 
numbers throughout the mass, gives to the blood its uniform 
colour. 

When allowed to repose after removal from the vessels, 
it coagulates, forming a coloured clot, or crassamentum, 
and a fluid portion, which contains a few corpuscles sus- 
pended towards the lower part of the vessel, the serum. 
The clot is not equally red ; the upper part is usually of a 
lighter and brighter colour than the lower, which is very 
dark, appearing almost black. If, immediately after being 
drawn, it is stirred with a glass rod, or shaken in a bottle 
with a loose body of any kind, the coagulum adheres to the 
body, contains much fewer corpuscles, and is of a much 
brighter colour than in the former case. Under these cir- 
cumstances the coagulum consists of fibrine containing but 
few corpuscles, whilst the fluid part or cruor consists of the 

* The evolution of this odour when dried blood is treated with 
sulphuric acid has been proposed as a medico-legal test ; it is how- 
ever of little value. 
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serum, containing most of the corpuscles in suspension. 
The coagulation probably commences immediately the 
blood has left the vessels ; but little alteration can be per- 
ceived with the naked eye until from 2 to 3 minutes, when 
the surface assumes a greenish tinge ; the whole mass then 
becomes gelatinous, progressive separation takes place, and 
at the end of 20 or 30 minutes the process is completed. 
It commences sooner, and is sooner completed, in arterial 
than in venous blood. The caustic alkalies and some salts 
prevent or delay the coagulation of the blood, especially 
sulphate of soda, nitrate and acetate of potash, &c. The 
coagulation is caused by the fibrine alone ; the globules have 
no essential share in the process. 

Microscop. char. — The microscopic peculiarities of the 
blood are its globules. These are of two distinct kinds ; 
the first is composed of very numerous small circular flat- 
tened discs, of a yellowish colour, their margins being ob- 
tusely rounded, their centres equally depressed on either 
side; they are about the 5 5 Vff tn °f an mcn in diameter, and 
ith or 1th of this in thickness at the circumference, but 
^iuch thinner in the depressed centre ; this is the average, 
but they are not uniform, although from their minute size 
and large number they appear so, unless very highly mag- 
nified. They are cells, composed of a highly elastic colour- 
less membrane, which is filled with a coloured fluid. That 
such is their constitution may be proved by an examination 
of the phenomena of exosmosis and endosmosis, which they 
exhibit when mixed with fluids of greater or less density 
than that which they contain ; thus, concentrated saline 
solutions contract and wrinkle them, whilst they imbibe so- 
lutions of low specific gravity, becoming exceedingly dis- 
tended. When acted upon by water, they become pale or 
colourless, the colouring matter being dissolved ; they finally 
disappear, some being completely dissolved, others so 
distended that their walls become too transparent to be 
perceptible. On the addition of strong saline solutions, 
solution of iodine, &c, the ■ globules are again partly 
rendered visible.* When treated with acetic acid, they 

* The action of water upon the Ted corpuscles is not uniform ; 
some of them are entirely dissolved, others merely distended, and a 
few are scarcely at all affected ; the latter are generally the smallest. 
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leave no nuclei. It is stated, that when treated with water 
and set aside, the corpuscles are dissolved and the nuclei 
precipitated, forming the whitish deposit which forms under 
these circumstances. This deposit however principally 
consists of albumen precipitated from the serous fluid con- 
tained within the corpuscles ; it also contains some colour- 
less and red corpuscles, which have remained unacted 
upon. The second kind, called lymph-globules, is com- 
posed of spherical corpuscles; these are about one-fourth 
larger than the former, and fewer in number, being in the 
proportion of 1 to 5.* They are white, highly refractive, 
granular on the surface, and specifically lighter than the red 
corpuscles, and are stated to contain moving molecules in 
their interior. When acted upon by acetic acid, they are 
dissolved with the exception of the nuclei, which vary in 
number, but are generally 2 or 3. 

In addition to these bodies, the proper corpuscles of the 
blood, that fluid also contains, under certain circumstances, 
globules of oil, the molecular base of the chyle, and another 
molecular substance exactly similar to the latter in appear- 
ance, but differing in chemical properties ; and lastly, the 
minute irregular granules found in all animal fluids. 

Those proximate principles which are common to several 
animal fluids have been already treated of. As we arrive 
at the consideration of the compound fluids themselves, 
such substances as are peculiar to them will be described. 

49. Fibrine is noticed at page 64. When treated with 
alcohol or aether, it yields a yellowish-brown acid mass, 
which is crystalline when cold, and is soluble in cold alco- 
hol ; when incinerated, it leaves an alkaline ash, resulting 
from the decomposition of the acid soap. The quantity 
yielded by dried fibrine is from 2 to 5 per cent. 

50. Globuline is described at p. 64. It is uncertain 
whether the walls of the corpuscles are composed of this 
substance, or whether it exists in the fluid portion only ; 
the latter is most probable, the corpuscular walls being con- 
stituted of albumen. 



This probably depends upon their different stages of development, 
and a varying thickness of their walls. 

* Wagner. This estimate is certainly too high. 



107 

51. H^matine is the substance to which the colour of 
the blood is owing : — 

*. It exists in two states. We are unable to judge of 
the properties of its solution as existing in the blood, be- 
cause it cannot be separated from the albuminous ingredi- 
ent with which it is mixed. When dried, it forms a dark, 
reddish-brown shining mass, insoluble in water, alcohol and 
aether. It is dissolved by water containing potash ; dilute 
mineral and acetic acids cause brown precipitates in this 
solution, which is also precipitated by bichloride of mercury, 
both acetates of lead, protochloride of tin, nitrate of silver, 
alum and tannic acid. Ferrocyanide of potassium causes a 
precipitate in its acid solution. By digestion with dilute 
sulphuric acid, it is not dissolved, but a part of its iron 
removed, and its properties become so altered that it is 
soluble in alcohol and aether.* Hsematine forms compounds 
with mineral acids, which are insoluble in water but soluble 
in alcohol. When triturated with sulphate of soda and 
alcohol is added, a portion becomes dissolved. When 
incinerated, it leaves a reddish ash, consisting of oxide of 
iron (about 10 per cent.,) but neither any earthy matter, 
alkali, sulphur nor phosphorus. 

It is composed of C 44 H 22 N 3 6 Fe, giving per cent.,— 
carbon, 66-49; hydrogen, 5-30; nitrogen, 10-50 ; oxygen, 
11-01 ; and iron, 6-66. 

/3. Thus, although it resembles the proteine compounds 
in so many of its properties, it cannot be referred to them. 

When chlorine is passed through hsematine suspended in 
water, the colour is destroyed, white flakes are deposited, 
and the solution contains iron ; the flakes are composed 
of C 44 H 22 N 3 O 24 + CI 6 = Ha + CIO 3 . 

The condition of the iron in the hsematine and its rela- 
tions to the red colour are still obscure, as is the nature of 
the hsematine itself. The iron most probably exists in the 
metallic state, as it has been shown that by digesting pure 
hsematine containing iron with strong sulphuric acid, and 
subsequent dilution and washing with water, hydrogen is 
disengaged, and the whole of the iron may be removed, the 
hsematine retaining its atomic constitution, colour and gene- 

* Lehmann. 
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ral properties. This shows that the iron and colour are 
quite independent of each other. We shall return to some 
properties of hsematine in the consideration of the chemistry 
of the corpuscles. 

y. Haematine may be obtained («*.) by mixing blood, from 
which the fibrine has been removed by stirring, with a satu- 
rated solution of sulphate of soda ; the mixture is filtered, 
and the insoluble corpuscles are boiled with alcohol acidu- 
lated with sulphuric acid until the albumen (globuline) 
remains as a grayish mass. The solutions must be filtered 
whilst hot, then treated with carbonate of ammonia; this 
precipitates the albumen (globuline) and the acid ; the red 
filtered fluid is then evaporated to one-twelfth of its volume; 
the haematine subsides as a dark powder, which contains a 
little fat ; after separating this by aether, the haematine is 
pure. 

52. Seroline is a fatty matter peculiar to the blood. It 
forms pearly scales, which fuse at 96°-8 F. 

Chem. prop. — It is nearly insoluble in alcohol (0833) 
when cold, more so when hot, being again deposited as the 
solution cools ; it is readily soluble in aether; not saponified 
by alkalies in solution; is neutral, and evolves ammonia 
when heated, and is reddened by sulphuric acid like 
cholesterine. It may be obtained by evaporating the blood 
to dryness, exhausting the residue with boiling water, again 
drying, exhausting the residue with boiling alcohol) and 
filtering whilst hot. On cooling, the seroline is deposited; 
it must then be w T ashed with cold alcohol. 

Microscop. char. — It appears to exist in two forms, one 
amorphous, the other* composed of filaments, upon which 
small tubercles or nodes are situated. 

53. Fat containing Phosphorus. — If dried and pow- 
dered blood be exhausted with water, again dried and 
powdered, and then exhausted with boiling alcohol, the 
filtered solution on cooling deposits seroline. The solution 
filtered from this leaves on evaporation a mixture of several 
fats; cold alcohol (0-883) removes all but the phosphorized 
fat. But little is known regarding this fat ; it seems to re- 
semble Fremy's cerebric acid. The colour of the red phos- 

* Boudet. 
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phorized fat is due to hasmatine ; it is probably merely an 
admixture of other fats. 

54. Corpuscles. — The compound of albumen (globuline) 
and hseraatosine, forming the contents of the corpuscles, 
cannot be perfectly separated from the other constituents of 
the blood. The corpuscles themselves are most perfectly 
separated by mixing the beaten blood (48) with from 5 to 
8 vols, of a saturated solution of sulphate of soda ; the mix- 
ture is set aside, then poured upon a filter. The greater 
part of the blood-corpuscles remains on the filter, not un- 
altered, however, for they have lost their primitive form, 
and become irregular, wrinkled and meniscoidal. It is 
perhaps better to wash the serum as much as possible from 
the corpuscles by sulphate of soda and decantation. As 
soon as the sulphatic solution ceases to dissolve any more 
albumen, filter, and treat the red magma with water ; the 
contents of the globules then become dissolved in the 
water, which now again gives all the ordinary reactions of 
albumen (globuline ?). In addition to albumen, they also 
contain carbonate of soda, oxide of iron and earthy phos- 
phates. When their aqueous solution is allowed to repose, 
a deposit of albumen occurs, just as is the case with all al- 
buminous solutions when diluted ; this deposit is not so 
copious in the solution of corpuscleswhich have been treated 
with the sulphate, as it is partly retained in solution by it. 
This fact also assists us in forming the conclusion, that this 
deposit does not consist of nuclei nor membranes of the 
corpuscles, as the latter are insoluble in sulphate of soda. 

The aqueous solution of the corpuscles is coagulated by 
heat, the coagulum assuming a dark reddish brown, and the 
liquid a pale yellowish colour. It is also precipitated by 
alcohol, mineral acids, bichloride of mercury, tannic acid, 
both acetates of lead and electricity. These reactions are 
important, especially that with heat, as being the best 
means of recognising blood in the secretions when the 
globules cannot be detected with the microscope. 

When the aqueous solution of the corpuscles is dried, a 
reddish-black coagulum forms. This is insoluble in water, 
soluble in potash, also in spirit (091) by ebullition, again 
subsiding as the solution cools. The dried corpuscles con- 
tain about 5-5 per cent, of hsematine. Berzelius obtained 
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1*3 per cent, of ash from them, consisting of carbonate of 
soda with traces of phosphate, 03 ;* phosphate of lime, 
0*1 ; caustic lime, 0-2; basic phosphate of iron, 0-1 ; oxide 
of iron, 05; carbonic acid and loss, 0*1. 

One of the products of the decomposition of haematine, 
or this substance altered in its properties by the action of 
reagents, has been called haemapheine by Simon. It is 
probably the same substance as that described by Sanson, 
but no analysis has yet been made of it, so that we are not 
acquainted with its relation to haematine. It seems under 
certain circumstances to be very readily formed from the 
latter. It does not occur in the undecomposed blood, but 
when, from disease, the plasticity of this fluid is diminished, 
it is readily formed from the haematine. It is always formed 
when the dried corpuscles are boiled with alcohol acidu- 
lated with sulphuric acid. It is distinguished from the 
haematine by its solubility in alcohol and aether even when 
cold ; also in water. It leaves a very minute amount of 
ash, which contains but a trace of oxide of iron. It is not 
improbable that this substance is haematine without the iron. 

55. Serum. — The serum is of a pale yellow colour with 
a tinge of green. Its specific gravity is about 1-030 ; it is 
slightly alkaline, and gives all the ordinary reactions of al- 
buminous fluids. When evaporated to dryness and incine- 
rated, it leaves an alkaline ash amounting to about 1 per 
cent., and containing carbonate, sulphate and phosphate of 
soda, chloride of sodium, with phosphate of lime and mag- 
nesia. 

When copiously diluted with water, a precipitate of al- 
bumen subsides ; this does not however occur if it be diluted 
with a saline solution ; and if the alkalinity of serum be 
destroyed by an acid, and the mixture allowed to repose, at 
the end of some hours it becomes gelatinous from the sepa- 
ration of the albumen. The alkalinity of the blood in all 
probability depends upon the presence of carbonate of soda; 
some of the alkali is also combined with animal matter.f 
The Giessen school denies the existence of alkaline car- 



* A portion of this phosphate is probably formed by the union of 
the phosphoric acid in the phosphorized fat with soda. 
f See Med. Gaz., vol. xxxvi. p. 18G. 
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bonates in the blood, and asserts that the alkalinity depends 
upon the presence of tribasic phosphate of soda. In addi- 
tion to the objections which I have elsewhere made to this 
view, it appears impossible for free carbonic acid and the 
tribasic phosphate to exist in this fluid without the latter 
being decomposed and carbonate of soda being formed, and 
the presence of carbonic acid in blood has been proved 
beyond a doubt. 

Ludwig has recently shown that the so-called extractives 
of the blood consist of binoxide of proteine, part of which 
is soluble in alcohol, the remainder being insoluble. He 
separates it by heating fresh, beaten and strained blood in 
an earthenware vessel over an open fire, constantly stirring 
it; as soon as the mass has acquired a brownish-red colour 
throughout, it is pressed between the folds of a linen cloth. 
The red alkaline fluid is then exactly neutralized with very 
dilute muriatic acid, rapidly heated to ebullition and filtered. 
It is then treated with 4-5 volumes of alcohol (0-848,) the 
mixture set aside ; the flakes which subside by repose may 
be purified by decantation with alcohol, aether and water. 
Mulder states that metallic salts precipitate tritoxide of pro- 
teine from the serum of blood, after the albumen has been 
removed. 

The microscopic appearance of coagulating blood is as 
follows: — If a drop from a healthy subject be placed under 
the microscope and immediately examined, the corpuscles 
are seen irregularly diffused over the surface of the glass;* 
and if the latter be held between the light and the unarmed 
eye, the blood appears as a uniform red spot ; at the end of 
about one minute, the red corpuscles under the microscope 
are seen to unite by their flat surfaces, forming fibres (which 
much resemble strings of figs;) these interlace, leaving in- 
termediate spaces ;f if the glass be held up to the naked 
eye at this moment, the uniform appearance is exchanged 
for that of a very minute net-work, or alternation of dark 
red and light spots. After a time the fibres become broken 
up, and the corpuscles float loosely in the fluid. Within 
the meshes of the red corpuscles, the white or lymph- 
globules are distinctly seen floating separately. The solidi- 

* PI. IV. fig. 16. t PL. IV. fig. 15. 
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fied fibrine is also seen in various parts of the field, some 
in a granular form, some in the form of very delicate fibres; 
these, in some cases, appear to be partly situated within the 
colourless corpuscles. 

We now arrive at the consideration of a most difficult 
question, viz. the cause why the blood sometimes assumes 
a bright (arterial) and at others a dark (venous) colour. 
This has been long supposed to arise from the influence of 
the oxygen of the air, or the agency of saline matters. The 
following seem to be the most important facts relating to 
this point: — 1st, when blood is exposed to air, or oxygen 
gas is passed through it, it assumes a bright arterial colour; 
2d, when agitated with hydrogen or carbonic acid, orthese 
gases are passed through, it is rendered almost black; 3d, 
when mixed with saline solutions or syrup, it assumes a 
bright colour, but not that of arterial blood ; 4th, white in- 
soluble powders, as chalk or carbonate of magnesia, also 
render it bright; 5th, after treatment with a saline solution, 
carbonic acid blackens and oxygen brightens it ; 6th, there 
is no difference in the form of the corpuscles of arterial and 
venous blood at all comparable, if any, to that produced by 
saline solutions in those of venous blood ; 7th, neither blood 
which has been mixed with water, nor that which has not, 
exhibits any perceptible difference in the form of its cor- 
puscles after treatment with carbonic acid and oxygen;* 
8th, hydrogen removes carbonic acid from the blood; 
9th, blood which has been darkened by either hydrogen or 
carbonic acid is reddened by oxygen ; 10th, bright blood, 
on dilution with water, yields a bright solution, dark blood 
a dark solution. 

It thus appears that the alteration in the colour of the 
blood may be produced by totally distinct causes. Al- 
though saline solutions brighten venous blood, the amount 
of saline matter not being greater in arterial blood than in 
the former, the effect cannot depend upon this cause; nor 
can it be connected with the alteration in the form of the 
corpuscles, as seen from 6 and 7. No particles which 
could possibly act in the manner alluded to in 4, are present 
in arterial blood. It cannot depend upon the mere removal 

* Bruch, Marchand. 
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of the carbonic acid, which darkens it, as seen from 8 and 
2. Recent experiments tend to show that the gases in 
blood are not in a state of chemical combination, but merely 
in solution ; the carbonic acid may however be in chemical 
combination with carbonate of soda in the form of bicar- 
bonate, as the condition of the second atom of carbonic acid 
in the latter is similar to that of the carbonic acid in the 
blood. The oxygen appears to be the essential agent in 
producing the bright arterial colour, but the manner in 
which it accomplishes this is unknown. It is highly proba- 
ble that the saline matters have no share in the phenome- 
non. That the influence of oxygen is much more potent is 
seen from 4. Blood which contains much carbonic acid 
has turbid corpuscles. 

56. Arterial Blood is of lower specific gravity, con- 
sequently contains less solid matter, also less fat, albumen, 
haematine, extractive matter and salts than venous blood ; 
the corpuscles also contain less colouring matter, and are 
stated to be smaller and more uniform in size than in venous 
blood; but "differences occur in the composition of both 
kinds of blood, which are not constant, but vary according 
to circumstances."* 

57. Portal Blood is darker and browner than ordinary 
venous blood. It is neither reddened by salts nor exposure 
to the air. It coagulates quickly but imperfectly, and the 
cohesion of the coagulum is slight. Its serum is reddish, 
and does not coagulate so quickly or perfectly as that of 
other blood. It contains an excess of fluid fatty matter, 
haematine and alkaline carbonates, and but little fibrine. 

58. Menstrual Blood, or the menstrual secretion, is a 
compound of the constituents of the blood with those of 
ordinary mucus. Its colour is due to the red corpuscles. 
It also contains mucus and epithelium. In some cases it is 
very pale, and consists of little more than mucus. The 
fibrine is small in quantity, and less coherent than usual. 

The blood in health contains the following ingredients: — 

1. Water. 

2. Proleine compounds — fibrine, albumen (glo'iuline,) 
binoxide and tritoxide of proteine. 

* Simon, Med. Chem. 
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3. Haematine. 

4. Fatty matters — 3 neutral fats, cholesterine, seroline 
and phosphorized fat; 3 soaps — margarate, oleate and 
stearate of soda. 

5. Extractive matters — binoxide of proteine (Ludwig,) 
tritoxide (Mulder.) 

6. Salts : — *. Alkaline — sulphates, phosphates, hydro- 
chlorates and carbonates of potash, soda and ammonia. 
j3. Earthy phosphates, carbonates and sulphates of lime and 
magnesia. 

7. Metallic oxides — silica and oxide of iron. 

8. Gases — oxygen, carbonic acid and nitrogen. 

9. Substances the quantity of which present is exceed- 
ingly minute, if any— bile, urea. 

10. Matters only occasionally present — sugar. 

59. The Analysis ok the Blood. — Some general re- 
marks on the difficulties presented in the analysis of the 
blood have already been made. The best processes for its 
accomplishment will now be noticed. 

1. The following process, adopted by Andral andGavar- 
ret, is perhaps the best, being easily practised upon tolerably 
large quantities of blood. The blood, whilst flowing, is 
caught in two equal-sized vessels, each holding about 5^ 
ounces of water by weight. In one vessel the first and 
last quarters of the blood are caught; this is set aside to 
allow of their coagulation. In the other, the second and 
third quarters are collected ; these are immediately beaten 
with a glass rod to remove the fibrine, which is then care- 
fully washed and dried. When the coagulation of the 
blood in the first vessel is complete, the serum is carefully 
separated from the clot, and both are dried. Thus we 
ascertain the amount of fibrine, of solids of the serum, and 
of clot; and by the addition of the two latter the total 
amount of solids is ascertained ; the loss is water. The 
weight of the dried fibrine and of the solids of the serum 
corresponding to the amount of serum contained in the clot 
is then deducted from the weight of the dried clot ; the dif- 
ference gives the weight of the corpuscles. The amount of 
solid matter corresponding to the serum contained in the 
clot is thus ascertained: — A quantity of solid matter is cal- 
culated for the amount of water lost by the clot on drying, 
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in the same proportion as the solids are to the water in the 
serum ; the weight of this is also deducted from the clot. 
The quantity of ash may be easily ascertained by separately 
removing the dried solids from the vessels in which they 
are contained as perfectly as possible, weighing the portions 
used, incinerating them, and then calculating the amount 
for the whole quantity. 

2. Fguier's Process. — The blood is stirred immediately 
after having been caught. It is then filtered, the fibrine 
well- washed, dried, exhausted of fat by aether, and weighed. 
Some of the blood, freed from the fibrine, is now mixed 
with twice its volume of a solution of sulphate of soda, of a 
specific gravity of 1140, or rather less, and the mixture 
filtered through a previously weighed filter, which has been 
previously moistened with the saline solution. But few 
globules pass through. By dipping the filter several times 
into boiling water, the globules are coagulated and rendered 
insoluble, and the sulphate of soda removed ; the globules 
are next dried. The albumen is then precipitated from the 
filtered serum by boiling, washed, dried at 212°, and 
weighed. The amount of water in the blood is ascertained 
by drying a separate portion. To render this process more 
perfect, the fibrine, after having been thoroughly washed, 
should be pressed between blotting-paper, then weighed, 
and subsequently dried ; the difference between the total 
weight of blood at first taken and the moist fibrine is then 
estimated, and the amount of corpuscles and albumen cal- 
culated for this quantity if a portion only be used. The 
salts are found by subtracting the weight of the albumen, 
water, fibrine and corpuscles, which have been directly 
determined, from that of the blood used. 

3. Berzelius recommends the following method : — Two 
portions of the blood are weighed ; one is allowed to coa- 
gulate spontaneously, the other is dried in the water-bath 
and the residue weighed. The loss is the water. When 
the clot of the first portion is perfectly formed, it is carefully 
removed, cut up into slices with a sharp knife if large and 
thick, otherwise this is unnecessary. It is then placed 
upon an open weighed filter, laid upon several pieces of 
blotting-paper; another weighed filter is then laid upon it, 
and more pieces of blotting-paper upon this, the wLoJe 
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being kept in situ by a weight. The serum is absorbed 
from the clot by the paper, which must be frequently 
changed, the weighed filters being always preserved. After 
proceeding thus, until on applying pressure the clot yields 
no more fluid to the paper, the serum is pressed out as 
strongly as possible, and the clot dried in vacuo over sul- 
phuric acid in the adhering weighed piece of blotting-paper; 
it is then weighed in a covered vessel, to prevent the ab- 
sorption of moisture from the air. The weight of the" fibrtne 
and globules is ascertained by subtracting the weight of the 
weighed paper from that of the dried clot. The latter is 
then treated with water at 77°-86° F., which must be fre- 
quently changed ; and the remaining fibrine, when it ceases 
to colour water, is dried and weighed. Thus we learn the 
relative quantities of fibrine and corpuscles, the latter being 
obtained from the water used for washing. The dried and 
weighed blood (second portion) is then successively treated 
with aether, alcohol and boiling water. The exhausted re- 
sidue, when well-dried, yields the whole of the albuminous 
constituents. If the weight of the fibrine and globules be 
subtracted from it, that of the albumen remains. The aethe- 
real solution contain the fat; the alcoholic and aqueous 
solutions contains the salts and extractives.* In making 
these analyses, particular attention is requisite to one point, 
which is the method of drying; this is frequently too care- 
lessly managed. It is best accomplished in a platinum 
vessel ; and as soon as the residue ceases to lose weight in 
the water-bath, as much as possible should be removed from 
the vessel, and carefully pulverized in a mortar ; a weighed 
quantity of this is then again dried, and if it lose any more 
in weight, the amount of the whole quantity should be cal- 
culated. 

To analyze coagulated blood, a modification of Berze- 
lius's process may be adopted. Thus, treat the clot in the 
manner already described; weigh it after having been freed 
from the serum as much as possible by the paper ; after wash- 
ing this, weigh the fibrine, freed from as much water as pos- 
sible, in the same way, by subtracting the sum of these two 
weights from the total weight of the blood, the amount of 

* Some other processes will be found in the Medical Gazette, vol. 
xxxvi. p. 547. 
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serum is ascertained; then by ascertaining the proportion of 
the constituents of the serum in a given weight of it, the 
total amount may be ascertained by calculation. The fibrine, 
corpuscles, &c, may then be dried and weighed as before. 

Without detailing Simon's process, it may be well to de- 
scribe one part of it, which may be occasionally useful in 
separating the dried blood-corpuscles from other animal 
matters. It was used by him to separate them from the 
fibrine and albumen. It depends upon the property pos- 
sessed by boiling weak spirit (0-925) of dissolving the dried 
corpuscles, or at least a great part of them. The dried 
matter is pulverized as finely as possible, the fatty matter 
removed by aether, and the residue treated with the boiling 
spirit until this ceases to acquire a red colour, and the resi- 
due has assumed a dirty or greenish-gray colour. The spi- 
rituous extracts are mixed and set aside ; the fluid portion 
is poured off, evaporated to dryness, the residue powdered 
and mixed with water into a paste, and then mixed with 
the flakes which have spontaneously subsided. Strong 
alcohol is then added, which precipitates the albumen and 
haeraatine of the corpuscles. If it be required to separate 
the haematine from the albumen (globuline,) this may be 
accomplished by pouring strong alcohol on the flakes, and 
adding dilute sulphuric acid in drops until their colour is 
changed. The mixture is then set aside, the red tincture 
poured off, and pure alcohol added to the flakes as long as 
it becomes coloured. If the flakes do not lose their red 
colour and appear gray, more acid must be added and the 
process repeated ; when however this is the case, the flakes 
are washed, dried at 230°, and weighed. The red tinc- 
tures are then collected, supersaturated with ammonia, set 
aside for some hours, filtered, the sulphate of ammonia 
washed with alcohol, and finally the alcohol evaporated. 
The haematine remains, containing a trace of fat, and per- 
haps a little sulphate of ammonia ; the latter may be re- 
moved by water. 

This process does not remove the whole of the corpus- 
cles, so that it is approximative only. A portion of the 
haematine moreover is also decomposed, and Simon's hae- 
mapheine formed. In many cases however it is the only 
one which can be used. 



118 

The incinerations of animal matters and extracts are best 
performed over a gas burner, or in a muffle in a fire or fur- 
nace, the substances being placed in a porcelain or platinum 
crucible. The operation is performed with a muffle in less 
time than with any lamp. It is better to burn off the car- 
bon by continuance of the heat, than by the addition of nitric 
acid or nitrate of ammonia, &c. The ash, when perfectly 
incinerated, should appear fused. Should any carbon how- 
ever remain, it may be separated by treating the ash with 
water and boiling muriatic acid, when it remains undis- 
solved, and may be separated by filtration. 

The analysis of the serum may be made, — 1st, by eva- 
porating a weighed portion to dryness ; the loss indicates 
the water. The cautions to ensure perfect drying must be 
carefully attended to. The powdered residue is treated 
with a small quantity of anhydrous alcohol, and then with 
sether, until all the fat is removed. The remaining aether 
is expelled by a gentle heat. The pulverized residue is 
then treated with boiling water, which dissolves the extrac- 
tives and alkaline salts «, leaving the albumen and earthy 
salts /3. These may be separated by incineration. The so- 
lution a. is evaporated to dryness, and the residue exhausted 
with alcohol, which removes the chlorides of potassium and 
sodium, with some extractive; the latter is dissipated by 
incineration. The portion undissolved by alcohol is satu- 
rated with acetic acid, evaporated to dryness, and the ace- 
tate of soda removed by alcohol ; on incineration, it leaves 
the carbonate ; the residue consists of phosphate with a little 
sulphate of soda. The insoluble portion £ is incinerated; 
the albumen is thus burnt off and the earthy salts left. 

2d. A more accurate process is the following: — The se- 
rum is evaporated to dryness at 212°, the residue exhausted 
Avith boiling water, the solution evaporated to dryness, the 
residue incinerated, the amount of carbonated alkali ascer- 
tained from the quantity of a dilute acid required for its 
saturation; (117) the solution is acidified with nitric acid, 
and the chlorine precipitated by nitrate of silver in slight 
excess, the precipitate collected on a filter, dried, fused, 
&c. The excess of the silver is precipitated by muriatic 
acid, the solution filtered and treated with nitrate of baryta, 
the precipitate collected, &c. ; excess of baryta is removed 
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with sulphuric acid ; a weighed quantity of pure iron is then 
dissolved in nitric acid and added to the solution ; the mix- 
ture is treated with excess of ammonia, which throws down 
a reddish-brown precipitate of basic phosphate of iron, 
mixed with oxide of iron ;* this is collected, &c\, and 
strongly heated. The remaining solution contains the alka- 
lies, which may be separated according to 38 /3. The albu- 
minous residue is incinerated ; the earthy phosphates are 
then left, and may be separated according to 41. The 
quantity of chlorine is calculated from the chloride of sil- 
ver, the sulphuric acid from the sulphate of baryta, the 
phosphoric acid as the difference between the quantity of 
oxide of iron corresponding to the pure iron used and the 
mixture of phosphate and oxide. By calculating the quan- 
tity of the bases corresponding to the acids, and comparing 
these quantities with those found by the separate platinum 
analysis of the residue after the separation of the acids, the 
amount of the bases may be controlled. The process may 
be somewhat abbreviated by ascertaining the amouut of 
albumen from a separate portion, and incinerating the 
second at once to obtain the ash. 

The following mean of two analyses by Lecanu and 
Becquerel and Rodier, will serve to give a general idea of 
the quantities of the various constituents of the blood, 
although these are so various that no definite proportions 
can be fixed : — 

Water . . . 78-2867 78-5050 
Fibrine . . 0-2832 2200 

Albumen . . 6-7252 6 9950 

fSeroline. . 0-0020 

r,r,,r ni/ .,„ Phosphorizedfat 0-0476 

Fat . . . 0-5155 0-1610 j oholisterine . 0-0089 

I Saponified fat 0-1025 

Corpuscles . . 12-6313 13-4150 
Alcoholic extractive 0-1855 j (Extractives .) 

Albumen and soda 0-1637 0-09 ) 

Alkaline salts . 0-7837 0-62 . . . 0-6200 

Earthy salts and ) , 

phosphate of> 0-1757 0-0897 > Phosphate . 0-0344 

iron . S *Ir°n • ■ ' 0553 

1000000 Total ash . 0-7097 

* If this precipitate be white, too little iron has been used. 
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Denis, in ten experiments, found the mean amount of 
saline matter in 100 parts of blood = I'll. 

Nasse obtained 0-7942 percent, of inorganic constituents 
from the entire blood ; these were composed of — 

r Phosphates . . . 0-08231 

Alkaline and J Sulphates .... 0-0202 !„ fifl ^ 9 , 

soluble salts] Carbonates . . . 0-0957 j U,t>b '' ana 

L Chloride of sodium 0-4690 J 

("Sulphuric acid . . 00052 ] 

Insoluble j Phosphoric acid . . 0-0201 i 0-1270 = 0*7942 

substances j Lime 0-0183 j per cent. 

{ Peroxide of iron . . 0-0834 J 

Becquerel and Rodier obtained — 



Alkaline salts 0-56, and 

Insoluble ) Earthy phosphates . 0*033 ) 0-089 = 0-64 
substances ) Iron 0-056 ) total per cent 



On ultimate analysis healthy blood yielded, — carbon, 
51-96; hydrogen, 7-25; nitrogen, 15-07 ; oxygen, 21-30; 
deducting the ash, C 54-19, H7-48, N 15-72, and O 22-31. 

The dried corpuscles contain about 5 per cent, of haema- 
tine; the haematine contains about 10 per cent, of oxide of 
iron. The amount of fat in our typical analysis is too great, 
the average being 0-2 or 0-3 per cent.* The total amount 
of saline matters is about 1-0 per cent., that of oxide of iron 
about 006-0-07 per cent. 

The following may be regarded as the average composi- 
tion of serum : — 

Water 90600 

Albumen 7-900 

Extractives, fat and soda 0-599 

Alkaline chlorides 0*600) 

Carbonate, phosphate and sulphate of soda . . 0-210 > 0-901 
Carbonate and phosphate of lime and magnesia 0-091 ) 

100-000 

The fatty matter of the blood requires a few remarks; it 

* I inadvertently stated in the Med. Gaz. that the amount of fat in 
blood averages 2 per cent. It should be 2 parts in 1000. 
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has not however been sufficiently examined to*enable us to 
speak positively as to its nature. It is separated by ex- 
hausting the dried and powdered blood with water, again 
drying, and boiling alcohol on the residue. The alcoholic 
solution should be filtered whilst boiling-hot ; on cooling, 
it deposits seroline. After separating this, on evaporating 
the alcoholic solution, four fatty matters are found in the 
extract. When the latter is acted upon by cold alcohol 
(0'833,) a crystalline fat remains undissolved ; this is the 
phosphorized fat, and somewhat resembles Fremy's cerebric 
acid. The alcoholic solution on spontaneous evaporation 
deposits cholesterine ; and after separating this, on further 
evaporation a mixture of margaric and oleic acids with the 
potash soaps of these acids is left. Lecanu found in the 
serum only cholesterine, seroline, margaric and oleic acids, 
but no phosphorized fat. 

The fat extracted from fibrine by aether is crystalline 
when cold, reddens litmus, and is soluble in cold alcohol, 
leaving an alkaline ash on incineration ; thus it appears, 
partly at least, to consist of an acid soap.* 

In addition to the ordinary constituents of the blood 
which we have just detailed, others are occasionally present, 
even in the healthy fluid. 

60. Sugar is one of these. It has been found by Mr. 
McGregor, and recently by Dr. Buchanan, that blood, even 
from an apparently healthy individual, ferments with yeast; 
this has also been found to occur in diabetic blood. It 
would be more satisfactory were more positive means 
adopted to test the presence of sugar in this fluid ; as by 
procuring the sugar in the solid form, or the application of 
Trommer's or Pettenkofer's tests ; the production of car- 
bonic acid, cannot be received as evidence without the 
growth of the torula (Pt. I. p. 46,) as carbonic acid is 
evolved from the blood under other conditions. 

In applying the fermentation test, the serum should be 
evaporated to dryness, and the residue treated with boiling 
water. The solution is then treated with a little yeast, and 
set aside in a warm place ; if sugar be present, the evolution 
of gas and the formation of the white froth occur. 

* Berzelius. 
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Trommerls test depends upon the power possessed by 
sugar, of reducing the suboxide of copper to the protoxide. 
It is this: — 

Add a little solution of sulphate of copper to the suspected 
liquid, then solution of potash in slight excess, and boil the 
mixture. The oxide of copper at first precipitated is redis- 
solved by the excess of potash, the liquid becoming deep 
blue ; and if sugar be present, on the application of the 
heat an orange-red precipitate of suboxide of copper falls; 
if no sugar be present, the precipitate is almost black. As 
potash at a boiling temperature frequently causes a dark 
colour with organic matters, which may obscure the distinct 
appearance of the reaction, the following method of apply- 
ing this principle is preferable (Cappezuoli's test:) — Add 
solution of potash to that of sulphate of copper in a test- 
tube, wash the blue precipitate with water, add it to the 
suspected liquid, and then enough potash to render the 
mixture distinctly alkaline. Set the whole aside in a tall 
glass vessel, no heat being applied. At the end of a few 
hours, if sugar be present, the blue precipitate is changed 
in colour, at first upon its surface, finally throughout the 
whole mass, assuming a canary-yellow tint; this is suc- 
ceeded by a red one, the protoxide of copper being reduced. 
This is a beautiful test; the only objection is that it cannot 
be applied immediately. 

The solution may be prepared for its application, either 
as described above, or by evaporation to dryness, exhaust- 
ing the residue with boiling alcohol (not strong,) again 
evaporating to dryness, and treating with water. 

61. Bilic Acid and Biliary Colouring Matter. — 
These two substances appear to occur separately, although 
mixed in the bile, and we now fortunately possess means 
of recognising each. 

It is doubtful whether bilic acid occurs in the blood, but 
there is no doubt regarding the occurrence of the colouring 
matter. In the healthy fluid neither can be detected. 

The colouring matter is recognised by the peculiar 
greenish-yellow colour which it imparts to the fluid, as also 
by the reaction of nitric acid, which causes it to pass through 
a series of tints, in which green and red predominate. If 
the fluid be albuminous, the albumen, when precipitated by 
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nitric acid, assumes a green colour. Bilic acid its recog- 
nised by its reactions with sulphuric acid and cane-sugar 
(Pettenkofer's test.) The liquid, or an aqueous solution of 
the solid suspected to contain it, is treated guttaiim with 
two-thirds of its volume of sulphuric acid in a test-tube. 
From 2 to 5 drops of syrup (1 part sugar to 4-5 water) are 
then added, and the mixture shaken. The addition of the 
acid at first precipitates the bilic acid, which is subsequently 
redissolved, and speedily a beautiful deep reddish-violet 
colour is produced. In using this excellent test, the tem- 
perature of the mixture must be kept below 144° F.; too 
much sugar must not be added ; the sulphuric acid must be 
free from sulphurous acid, and albumen must be previously 
removed by ebullition. In some cases, especially where 
the amount of bilic acid is small, an excess of the acid may 
be requisite. 

To remove the bilic acid and colouring matter, the fluid 
should be evaporated to dryness, exhausted with strong 
alcohol, again evaporated to dryness, and the residue dis- 
solved in a small quantity of water. 

This test acts equally well with grape-sugar. If properly 
applied it does not appear liable to fallacy. Albuminous 
solutions, when very concentrated, produced a similar re- 
action. If too much syrup be added, the mixture becomes 
brown from the formation of humus. A certain amount of 
heat is necessary, or at least facilitates the reaction. 

62. Urea. — In all probability urea exists in the blood in 
minute quantity, although it cannot be satisfactorily detected. 
The fact of the extractives of blood causing chloride of 
sodium to crystallize in octahedra and to form the peculiar 
dagger-like crystals (Part I. figs. 30 and 31,) cannot be 
considered as sufficient to decide this point. Some of the 
crystalline arborizations of muriate of ammonia so nearly 
resemble those of chloride of sodium crystallized from a 
solution of urea, that they can hardly be distinguished. In 
certain diseased conditions there is no doubt of its occur- 
rence*. To detect urea in the blood, or in any fluid, evapo- 
rate it to dryness in a steam or water-bath, exhaust the 
residue with strong alcohol, again evaporate, dissolve the 
residue in a small quantity of water, immerse the mixture 
in ice-cold water, or in a freezing mixture, and add slight 
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excess of nitric acid. The compound whrch separates (and 
one nearly always does so, whether urea is present or not) 
must then be examined with the microscope. Two sub- 
stances are generally to be found, viz. globules of oleic acid, 
or rather a mixture of oleic and margaric acids, and oblique 
rhomboids of nitrate of soda; if urea be present, it may be 
distinguished by its characteristic form (PI. II. fig. 38.) It 
is seldom however that it can be recognised at the stage of 
the process ; if not, the liquid should be digested with 
excess of carbonate of baryta, then gently evaporated to 
dryness, exhausted with strong alcohol, again evaporated 
and treated with the acid in the cold as before ; if urea be 
present, its form may then be recognised ; the appearances 
generally presented are figured in PI. IV. fig. 20. The 
crystals of the nitrate of soda, as found under these circum- 
stances, are figured in PI. IV. fig. 21. It is well not to use 
oxalic acid to separate the urea in this process, as it crys- 
tallizes itself in the cold, and may give rise to confusion; 
moreover, the extracts should be thoroughly exhausted 
with alcohol, as the amount of urea is generally not large, 
and the evaporations should be performed very carefully and 
slowly. 

63. Milky Blood. — The occasional occurrence of either 
an entire milkiness of the serum, or the formation of a 
creamy scum on its surface by repose, has been noticed in 
several diseases. It has been lately shown to be almost a 
constant occurrence in the blood withdrawn a few hours 
after a meal. The milkiness is caused by an immense 
number of exceedingly minute granules, resembling in ap- 
pearance those which form the molecular base of the chyle. 
They are of two totally distinct kinds, one being soluble in 
aether, the other unaffected by it. When the milkiness is 
caused by the former, on agitating the serum with aether it 
entirely disappears, the serum becoming clear ; in the latter 
case the aether floats on the surface, acquiring a yellowish 
colour from the solution of fatty matter, the lower portion 
retaining its peculiar aspect. The former substance is 
probably analogous to the molecular base of the chyle 
(vide Chyle, p. 129.) Dr. R. D. Thomson found the latter 
quite insoluble in both aether and alcohol, but soluble in 
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caustic potash. It contained sulphur. He concluded that 
it most probably consisted of a proteine compound. Dr. 
Buchanan found that it might be removed by adding salt to 
the solution, filtering and washing. In one case the blood 
has been found milky and acid from the presence of acid 
fatty salts. I had an opportunity lately of examining some 
milky blood which had been withdrawn from a gouty 
patient. It was uniformly white, from the presence of an 
immense number of minute granules or molecules. These 
were separated by solution of chloride of sodium. When 
dried and treated with aether, they yielded some fatty mat- 
ter. On ebullition with muriatic acid, the characteristic 
reddish colour of proteine was produced, and a large num- 
ber of oily globules, which solidified on cooling,- floated on 
the liquid. These were composed of a fatty acid. The 
substance was in but small quantity, and I have not yet 
completed its examination. It decidedly contained no 
sulphur. 

64. Pus is an occasional abnormal ingredient of blood. 
Donne has proposed the action of ammonia as a test of its 
presence. If healthy blood be mixed with ammonia, the 
colour becomes somewhat brighter, and the mixture is 
rendered clear; when containing pus, it becomes gela- 
tinous, the firmness and quantity of the jelly being propor- 
tional to the quantity of pus present. This may be a useful 
test in some cases, but should not alone be relied upon. 
The microscope may be much more safely trusted. In 
using this instrument, care must be taken not to mistake the 
proper chyle-corpuscles (Chyle, p. 129,) or the colourless 
corpuscles of the blood, for those of pus; the red cor- 
puscles also occasionally present a granular appearance, 
not very unlike that of globules of pus. The latter may 
be distinguished from the former by their spherical form, 
larger size, whitish colour, and yielding nuclei with acetic 
acid ; whilst the former are yellowish, flattened, and dis- 
solved by acetic acid, leaving no nuclei. The colourless 
corpuscles of the blood much resemble those of pus, but 
are smaller and more finely granulated on the surface. 
The proper chyle-corpuscles are also smaller than those of 
pus, and occur but rarely. 
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Pus, when mixed with blood, appears in the serum either 
in the form of the mucous urinary deposit or in flakes.* (160) 

65. Buffy Coat. — The appearance of this remarkable 
formation is well known. Its ordinary physical properties 
do not differ from those of fibrine. When freed from 
the serum by kneading in cold water, and then boiled with 
water, it yielded 14-2 per cent, of tritoxide of proteine 
and 85*8 per cent, of binoxide. On organic analysis it 
yielded — 

C 52-53-52-95, H 6-9-7-04, N 15-51, 25-06-24-5. 
Hence it is composed of a mixture of the bin- and tritoxides 
of proteine. The cause of its formation cannot be ex- 
plained. Jt has been observed that if blood be drawn into 
two separate cups, one of which contains oil, the latter ex- 
hibits the buffy coat, whilst the former does not. It is 
unknown^ whether the huffy coat is ever composed of 
fibrine ; when produced under the conditions just described, 
its composition is also unknown. 

We have already shown that the oxygen of the air has 
an undoubted influence upon the corpuscles especially. 
Now supposing from any cause (and several have been pro- 
posed) that the corpuscles in blood which is about to form 
the buffy coat subside more rapidly, or that the cohesion 
of the red particles occurring sooner in buffy than in healthy 
blood squeezes out the Liquor sanguinis, which is thus ex- 
posed to the air during the coagulation, we can imagine 
how it might occur that in healthy blood during coagulation 
the fibrine is defended by the corpuscles from the action of 
the oxygen ; whilst in the buffy blood this is not the case, 
and the fibrine is exposed to the free action of the air, and 
might form the oxides of proteine. This view would be 
confirmed should the buffy coat formed under oil be found 
composed of fibrine. These arguments are merely pro- 
posed to draw particular attention to the point, and'hence 
to cause the institution of more experiments. I have not 
noticed Mulder's views on this subject, inasmuch as they 
do not appear to me at all satisfactory, and he seems to 
speculate on this matter much more than his experiments 
entitle him to do. 

* Gendrm. 



127 

The microscopic appearances of blood which is about to 
form a buffy coat are well marked. The formation of the 
net work perceptible to the naked eye, which in healthy 
blood does not occur until the lapse of about a minute, may 
be perceived in buffy blood immediately after its removal 
from the vessel. Moreover, the fibres formed by the appo- 
sition of the sides of the red corpuscles under the micro- 
scope are immediately visible ; hence buffy blood differs 
essentially from the healthy fluid, and the formation of the 
buffy coat may thus be foretold. 

Buffy blood contains a larger number of colourless cor- 
puscles than the healthy fluid ; but the relation these have 
to the oxides of proteine is not known. In consequence of 
the formation of the net work or sponge which we have just 
mentioned, before the solidification of the fibrine, its con- 
traction is uninterrupted by the latter, and the Liquor san- 
guinis with the colourless corpuscles are squeezed out of 
the sponge and rise to the surface ; so that if we examine 
a drop from the surface of the blood immediately after it 
has been drawn into a cup, we find a few colourless cor- 
puscles, as well as the net work of* coloured corpuscles; a 
little later, the latter having sunk, are nearly absent, a few 
only being detectable, the colourless corpuscles being much 
more abundant; at a still later period, these having sunk, 
almost disappear, the solidified fibrine alone being present. 

66. Concretions are occasionally found in the cavities 
of the heart, which have formed during life. They are 
composed of fibrine, containing the red corpuscles diffused 
through them, and, as in the ordinary clot, these are most 
abundant in the most dependent portion. In the interior of 
these masses pus is stated to have been found ; but, from 
the observations of Mr. Gulliver, the semifluid matter ap- 
pears to consist merely of disintegrated pultaceous fibrine; 
it contains few, if any corpuscles resembling true pus. No- 
thing is known of its chemical tature. When examined 
microscopically, it exhibits an immense number of very 
minute granules with a few lymph (?) corpuscles. It is 
more prone to putrefaction than pus. 

67. Chyle. — This fluid is so difficult to procure that our 
knowledge of it is not very satisfactory. It can hardly be- 
come an object of pathological examination. It is a aeu- 
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tral milky fluid of about 1021-4 spec, grav., and varying 
in its properties according to the part of the lacteal system 
from which it is withdrawn. Soon after its removal from 
the vessels it coagulates like blood ; the coagulum is red- 
dish when viewed in a mass ; this redness is said to be in- 
creased by exposure to the air ; when examined in small 
quantity it is not perceptible. Its appearance also varies 
according to the contents of the alimentary canal at the 
time of the death of the subject from which it is obtained. 
If a full meal had been taken a few hours prior to death, 
and especially if this contained fat, the chyle is perfectly 
milky; but if digestion was not going on, it resembles 
lymph in its composition. The milkiness depends upon the 
presence of a peculiar molecular base. It is entirely re- 
moved by eether. The reddish colour depends upon the 
presence of blood-corpuscles. When allowed to repose, 
the molecular base partly forms a creamy scum on the sur- 
face, but the whole fluid does not become clear. 

The minute granules, constituting the molecular base, are 
not changed by the action of the salts, caustic alkalies, nor 
acetic and muriatic acids. They are instantly dissolved by 
oether, the chyle becoming transparent, except a small quan- 
tity of a light brown or whitish matter, which forms*a nearly 
pellucid substratum, sinking towards the bottom of the test- 
tube, but never entirely reaching it.* 

The fatty matter of the chyle leaves an alkaline ash, and 
contains no phosphorus. 

Chyle (obtained from the thoracic duct) yielded on 
analysis — 

Water ...... 90-48 

Albumen, with traces of fibrine . . . 7*08 



Extractives 



Aqueous .... 2*56 

Alcoholic .... 050 



Alkaline chloride, carbonate and sulphate, with traces ) „.., 

of phosphate and oxide of iron . . . ) 

Fatty matters ..... 0-92 



lOO-OOf 
The differential characters of chyle and blood are as fol- 
* Gulliver. j- Dr. Rees. 
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low: — The partial or complete absence of the red colour; 
the low specific gravity; the less distinctly alkaline reac- 
tion ; the later and more imperfect coagulation ; the less 
number of its corpuscles; their different appearance; the 
greater amount of fatty matter, but less amount of solids ; 
the imperfect formation of its albumen, which more nearly 
resembles caseine than the albumen of the blood, and of its 
fibrine, which more nearly approaches albumen ; the free, 
not saponified state of its fat; its great richness in extrac- 
tives, diminished quantity of soluble salts ; its iron being 
contained in the serum, instead of the corpuscles; and its 
greater richness in carbon and poorness in nitrogen than 
arterial blood.* Sugar has been found in the chyle, and it 
would be extremely interesting to know whether urea is 
ever present or not. 

Microscop. char. — Before the chyle has passed through 
the mesenteric glands, it is of a milk-white colour ; this is 
owing to the presence of, «, an immense number of minute 
granules, of the — ! —, th of an inch in diameter (the 

3 la " UlC3 ) " l ll . 24000 16000 . . V 

molecular base ;) it also contains /3, some free oil-globules ; 
after having passed through the mesenteric glands, it con- 
tains, y, the proper (?) chyle-corpuscles ;f these are round- 
ish granulated bodies, some larger and some smaller than 
the blood-corpuscles, and closely resembling the lymph- 
globules; «5", a few coloured corpuscles of the blood are oc- 
casionally present. When treated with sether, the * and /3 
particles are dissolved, the proper chyle-corpuscles being 
unaffected. The latter are scarcely affected by acetic acid, 
nor do they generally yield any distinct nuclei with it,, 
although two or three are sometimes seen. J Chyle may be 
analysed much in the same manner as the blood; more dif- 
ficulty is however experienced in separating the fibrine, the 
texture of which is extremely loose and diffluent. 

68. Lymph. — We have even less accurate knowledge ot 
this fluid than of the chyle. It is of a pale yellowish colour, 
and coagulates in about 10 minutes. The coagulum is 
gelatinous. It is alkaline, and contains about 3-5 per cent, 
of solids. It contains much more water than the chyle. 

* Nasse. 

f These are surely nothing more than lymph-corpuscles. 
± Gulliver. 
9 
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Gmelin found human lymph composed of — 

Water ...... 96-10 

Fibrine ...... 0-250(?) 

Albumen ...... 2750 

Chloride of sodium, free alkali, phosphate of soda, ) o«2in 

and a substance resembling ptyaline . .) 

Extractives and soda .... 0690 

Marchand found 1-544 per cent, of inorganic constituents. 

In microscopic appearance lymph resembles blood which 
is deprived of the red corpuscles, but it appears to contain 
a larger number of the colourless globules. 

Lymph may be analysed in the same manner as the chyle 
or serum of the blood. 

69. Saliva. — The saliva, as voided from the mouth, is 
a mixed fluid, consisting of the secretion of the salivary 
glands with the mucus of the mouth. When allowed to 
repose, it separates into two layers ; the upper is clear, 
colourless, and somewhat mucous ; the lower consists of 
the same liquid, containing an opaque matter in suspension. 
If the saliva be agitated with water, the mucus is diffused 
through the liquid, and by repose completely subsides. It 
has a specific gravity of 1005-8, and appears to be alkaline 
when food is taken, at other times acid. When diluted 
with water, it is precipitated by nitrate of silver, both 
acetates of lead, bichloride of mercury and tannic acid ; 
perchloride of iron causes the liquid to assume a deep red 
colour, from the formation of sulphocyanide of iron. A 
milkiness is caused in saliva when mixed with water and 
filtered by acetic, nitric and muriatic acids; ferrocyanide of 
potassium causes a precipitate in the muriatic solution. 
Alum also causes a precipitate, but neither this nor the 
acetic precipitate is soluble in excess of the precipitant. 
When boiled_ a very slight opalescence is caused in its 
aqueous solution. 

Berzelius obtained 0-717 per cent, of solid residue from 
saliva by evaporation. Spirit removes alkaline chlorides, 
albuminate of soda and extractive from it. The portion 
insoluble in alcohol is slightly alkaline; when neutralized 
with acetic acid, evaporated and treated with alcohol, ace- 
tate of soda is removed. The undissolved residue consists 
of mucus and ptyaline. 
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70. Ptyaline somewhat resembles tritoxide of proteine 
in its characters, but differs from it in some essential points. 
It is insoluble in alcohol and aether, being precipitated from 
its aqueous solution by the former, but not by mineral acids, 
acetic or tannic acids, neither acetate of lead nor bichloride 
of mercury. It is neutral, and leaves an alkaline ash on 
incineration. 

Ptyaline may be procured by treating the mixture of that 
substance with mucus, spoken of above, with cold water ; 
the ptyaline is dissolved, the mucus remains. Or, fresh 
saliva should be neutralized with acetic acid, and then 
evaporated in a water-bath ; the residue is first treated with 
alcohol and then with spirits; the residue is dissolved in water, 
and treated with chloride of calcium and ammonia, to precipi- 
tate the sulphuric and phosphoric acids ; the solution is then 
neutralized with muriatic acid, evaporated to dryness, and 
the chlorides extracted with alcohol.* Ptyaline is stated to 
have been found in vomited fluids, dropsical effusions, &c. 
Berzclius found saliva constituted of — 



Water .... 


99-29 


Ptyaline .... 


29 


Mucus .... 


14 


Extractive and alkali 


09 


Chloride of sodium 


0-17 


Free soda .... 


0-02 



10000 

Chloride of calcium, alkaline carbonate, phosphate and sul- 
phate, muriate of ammonia, with phosphate and carbonate 
of lime and a phosphorized fat, have also been detected in 
it. Simon found 0052 per cent, of fat. Tiedemann and 
Gmelin found 0-25 per cent, of ash, consisting of 0-203 
alkaline and 0-047 earthy salts. Saliva contains an exceed- 
ingly small quantity of a substance precipitable by acetic, 
nitric and muriatic acid, as also by ebullition. This appears 
to consist of albumen with mucus. 

The presence of sulphocyanogen in the saliva was clearly 
shown by Tiedemann and Gmelin thus: — Dried saliva was 
exhausted with alcohol, the latter removed by distillation, 
the residue mixed with concentrated phosphoric acid, and 

* Lehmann. 
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the mixture distilled to dryness in a water-bath ; the dis- 
tilled fluid was reddened by a neutral salt of iron. When 
a portion of the distillate was treated with a mixture of pro- 
tosulphate of iron and sulphate of copper, a white precipi- 
tate was produced, which possessed the property of redden- 
ing an acid solution of perchloride of iron. Finally, a 
mixture of solution of chloride of barium, chromate of pot- 
ash and muriatic acid (which is clear, and contains chlorine 
abundantly.) when added to and digested with the distillate, 
became turbid, and gradually deposited sulphate of baryta, 
formed at the expense of the sulphocyanic acid in the dis- 
tillate.* The white precipitate spoken of above is 2CuCy2S; 
the sulphocyanide of copper, CuCy2S, is soluble in water, 
but is reduced by the protosalt of iron to the sulphocyanuret 
2CuCy2S. Acetic acid is volatile, but does not cause a 
deep red colouring in solutions of iron except when previ- 
ously neutralized by an alkali ; moreover, it does not cause 
the white precipitate with the solution of iron and copper. 
The red colour of the sulphocyanuret of iron is destroyed 
by bichloride of mercury ; that of the acetate is not so. The 
meconate and formiate of iron are also of a similar colour to 
that of the sulphocyanuret ; they are however readily distin- 
guished by the bichloride of mercury, which does not 
destroy their colour. That produced by the addition of 
chloride of iron to the human saliva is destroyed on the 
addition of the bichloride. 

Microscop. app. — This differs but little from that of mucus. 
Four kinds of corpuscles are recognisable : — «, the minute 
granules found in all animal fluids; /3, mucous globules; 
these are larger than those in pus, generally yielding a sin- 
gle large nucleus with acetic acid, sometimes not, and being 
much more slowly acted upon than those of pus; y, epithe- 
lial scales ; and <$*, occasionally a globule or two of oil. In 
all probability, the whole of these are, save the last, derived 
from the mucous membrane. The /3 globules exhibit 
moving molecules in their interior. 

• The pathological alterations of the saliva relate to its 
acidity or alkalinity, the alteration in properties of its nor- 
mal constituents, and the addition of foreign ones. 

The detection of its acidity needs no notice, except that 

* Berzelius. 
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the paper should be of the most sensitive kind, dahlia-paper 
prepared without the addition of either acid or alkali ; the 
amount of acid may be estimated according to 117. The 
proportion of its constituents may be determined by a pro- 
cess similar to that used in the analysis of the serum of the 
blood. The principal foreign matters, and those which 
should be sought for, are fat, 21 <J"; the fatty matter should 
be washed with water; sugar, 60; acetic acid, 23 ; albu- 
men, 2 <?; urea, 62 ; bile, 61. 

71. Calculi occasionally form in the salivary ducts. 
They usually consist of ptyaline, mucus, carbonate and 
phosphate of lime, alkaline salts, sometimes oxides of iron 
and manganese. They may be analysed by removing 
the ptyaline and alkaline salts by water; the remainder is 
best analysed as in 34 i. Any animal mixed with these 
substances may be decomposed by incineration. 

72. Tartar of the teeth being a deposition principally 
from the saliva, may be briefly noticed here. It frequently 
contains ptyaline ; this may be extracted by water ; muriatic 
acid dissolves the remainder, except the salivary mucus. 
Ammonia throws down phosphate of lime, ammonia-mag- 
nesian phosphate and some animal matter from the solution. 
Berzelius found per cent, — ptyaline, 1-0; salivary mucus, 
12-5 ; earthy phosphates, 79-0; animal matter dissolved by 
the muriatic acid, 7 - 5. 

When examined with the microscope, it appears com- 
posed of the amorphous substance, minute infusoria, and 
mucus resembling that of the saliva. 

73. Gastric Juice. — Notwithstanding the attention which 
has been bestowed upon this important fluid and the diges- 
tive process, the real nature of the former and the actual 
part it plays in the latter are still not satisfactorily deter- 
mined. 

The gastric juice is slightly viscid, frothy and colourless, 
and contains mucus, w T hich impairs its transparency ; by 
filtration however it becomes clear. When digestion is not 
going on it is neutral, at other times acid. It is composed 
of free muriatic acid,(?) chlorides of sodium, potassium, 
ammonium, calcium and iron ; extractives ; an animal mat- 
ter, soluble in dilute acids, and precipitable by persalls of 
copper and iron ; mucus, pepsine and phosphate of lime. 
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It contains neither albumen nor phosphate of soda. Ber- 
zelius obtained 1-269 per cent, of solids from it. Beau- 
mont found that it effervesced with carbonated alkalies. 
We have already described the process from which Dr. 
Prout arrived at the conclusion that the gastric juice does 
contain free muriatic acid ; there can be no doubt that it 
does not contain free lactic acid; but it is so difficult to ob- 
tain in a pure state, that its properties are likely to remain 
very obscure. 

Various experiments have lately been made, tending to 
overthrow Dr. Prout's conclusion ; but these have unfortu- 
nately been instituted upon the gastric fluid mixed with 
various organic matters which were undergoing digestion, 
so that on subjecting them to distillation little or no muria- 
tic acid passes over (as pointed out years ago by Tiedemann 
and Gmelin in their beautiful experiments,) it being proba- 
bly retained, as they suggested, by the organic matters pre- 
sent. The following experiment of MM. Tiedemann and 
Gmelin appear very decisive upon this point : — They placed 
pieces of well-washed limestone in the stomachs of fasting 
animals, and found subsequently that the gastric juice was 
no longer acid, but contained a deliquescent salt, which 
was not decomposed by a red heat, and was proved to be 
chloride of calcium. Dr. R. D. Thomson distilled the con- 
tents of the stomach of a pig after dilution with water and 
filtration, and found that, although the distillate was acid, 
it gave no trace of hydrochloric acid with nitrate of silver. 
3 portions of the fluid remaining in the retort were next 
measured out. The first was precipitated by nitrate of sil- 
ver ; nitric acid was then mixed with the liquid and the 
whole boiled; the precipitate filtered and washed. The 
second portion was dried and ignited, the residue dissolved 
in water and precipitated with the nitrate, the solution being 
acidulated with nitric acid and boiled. The third was ex- 
actly neutralized with caustic potash, evaporated and ignited, 
the residue dissolved in water and precipitated by the nitrate. 
The results were, — 

Chloride of silver. 
1st. 7-81 

2d. 7-17 

3d. 7-97 



Chlorine. 


Hydrochloric acid. 


1-95 


2-00 


1-79 


1-84 


1-99 


2-04 
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Now these experiments appear to me susceptible of a 
different interpretation to that given by the author; for sup- 
posing that no hydrochlorate of ammonia was present, (it 
has been found absent by Dr. Prout, and in this case was 
not proved to be present) the chlorine might have existed 
in the form of muriatic acid and chloride of fixed bases; 
the first precipitate would therefore have contained the 
chlorine combined with the fixed bases + that existing as 
muriatic acid ; the second would contain the chlorine of 
the former alone ; the third the same as the first. So that 
these results are not opposed to Dr. Prout's view.* 

74. Pepsine has been supposed to be the active principle 
in digestion. It is contained in the cells composing the 
walls of the gastric glands. It is soluble in cold and luke- 
warm water; the solution is troubled by boiling, and then 
loses its digestive property. It is insoluble in alcohol and 
aether. Its aqueous solution is precipitated by alcohol, 
tannic acid, diacetate of lead, and slightly by bichloride of 
mercury and protochloride of tin; but not by potash, am- 
monia, alum, nor ferrocyanide of potassium, even in the 
acidified solution. A drop or two of the mineral acids 
causes a precipitate, which is redissolved by excess. On 
incineration it leaves an ash, consisting of carbonate and 
phosphate of soda, lime and a trace of iron. 

Pepsine may be obtained by treating the mucous mem- 
brane of the stomach with water and digestion at 90°. At 
the end of some hours the fluid is poured off, the membrane 
again washed and treated with cold water until a putrefac- 
tive odour is perceptible ; it is then filtered, treated with 
acetate of lead, the precipitate decomposed by sulphuretted 
hydrogen, the filtered liquid evaporated to a syrup, and the 
pepsine precipitated by alcohol. 

According to Vogel's analysis it consists of, — carbon, 
56-723; hydrogen, 5-666 ; nitrogen, 21*088 ; and oxygen, 

* I must refer the reader to an interesting paper on this subject 
by MM. Bernard and Barreswil (Comptes Rendus, Dec. 9, 1844, 
and Chem. Gaz., vol. iii. p. 41,) in which it is considered as proved 
that the acidity of the gastric juice is caused by free lactic, and not 
hydrochloric acid. These experiments do not however appear to me 
free from fallacy. 
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16-523. Thus differing essentially from all the proteine 
compounds. 

The gastric juice may be analysed in the ordinary way, 
if it be required merely to ascertain its general composition. 
Methods for separating particular constituents may be found 
under the heads of those substances. The compounds of 
most interest, occurring in it either constantly or occasion- 
ally, are the free muriatic acid, pepsine, albumen, acetic, 
butyric and uric (?) acids, sugar, bile and urea. 

It appears that the organic principle of the bile is very 
speedily removed from the stomach when bile has been 
poured into that viscus, the colouring matter being left. 
In "bilious" vomited fluids I have failed to detect it, 
although the colouring matter was abundant, and the fluid 
had a bitter taste. The quantity present, if any, was too 
small to be appreciable by Pettenkofer's test. 

Microscop. char. — There are none by which this fluid 
might be distinguished. If the digestive process be a kind 
of fermentation, either microscopic fungi or animalcules 
must exist in it, for no fermentation can occur without either 
one or the other. They have been found in the stomachs 
of minor animals, and exist frequently, if not constantly, in 
the human stomach. 

The fluid lubricating the intestinal canal has been but 
little examined, on account of the difficulty of obtaining it. 
That in the duodenum does not appear to differ from the 
gastric juice; it is acid during digestion, but nearly neutral 
when the intestine is empty. That in the large intestine is 
alkaline, except in the caecum, where it is acid.* 

75. Pancreatic fluid. — Little is known of this liquid. 
From its examination in animals, it appears to be acid 
when first secreted, transparent and mucous, containing a 
large quantity of free albumen, (?) but no sulphocyanic acid. 
Krause found the human fluid transparent and neutral. 
Acetic acid caused a whitish precipitate and partial coagu- 
lation, which was increased by the application of a gentle 
heat. It contained minute, spherical, transparent globules, 
some of which were colourless, others yellowish. They 

* Berzelius. 
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varied in size from the 7- V5-T™ tn °f a ^ ine * n diameter 
averaging the --*— . It has been observed that a solution of 
chlorine coloured the pancreatic fluid of a dog bright rose- 
red, and at the end of 12 hours violet flakes subside. Should 
this be proved to occur with the human fluid, it might be 
of the greatest service in enabling us to detect irritation, or 
other disorder, inducing increased secretion of the pancreas. 

76. Bile. — Although this fluid has been repeatedly 
examined by many excellent chemists, the present opinions 
regarding the nature of its main constituent are so conflicting, 
that it is impossible to give any very satisfactory account of 
it. This arises from two causes, — the facility with which 
the biliary matter is decomposed, and the absence of organic 
analyses of several of the compounds obtained from it, 
whether products or educts. The mass of evidence seems 
decidedly in favour of its being constituted by one simple 
electro-negative body combined with the base soda, and 
mixed with colouring matter, &c. But as there is still some 
doubt on the point, I shall describe those substances which 
are obtainable from it, and some of which Berzelius con- 
siders to be true educts. 

The bile is a brownish-yellow fluid tinged with green ; 
its taste is bitter, and subsequently sweet ; specific gravity 
about 1026; it is not coagulated by heat; is neutral when 
fresh, speedily becoming alkaline and decomposing; this is 
prevented by the removal of the mucus, of which it contains 
a large quantity ; it may be accomplished by filtration 
through linen, inspissated by evaporation, and the addition 
of alcohol, which dissolves the biliary matter but leaves the 
mucus; or, more perfectly, by the addition of dilute acetic 
acid. On digesting the alcoholic solution with animal 
charcoal and evaporation, it leaves a residue, which is 
colourless, or nearly so, and soluble in alcohol and water 
but not, in aether. This is the pure biliary matter, which is 
called bilic acid. Its aqueous solution is not precipitated 
by acetic acid, but is by the mineral acids, a milkiness and 
a syrupy liquid separating either immediately or after some 
time. On the addition of basic acetate of lead to the liquid, 
the biliary matter is precipitated, a quantity of organic 
matter, corresponding to the somewhat soluble lead com- 
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pound, alone remaining in solution.* The alcoholic solu- 
tion is not precipitated by acetate of lead ;f the aqueous is 
so, and acetic acid being set free, part of the lead compound 
is dissolved by this. The portion of biliary matter thus 
retained in solution was considered by Gmelin and Berzelius 
as a distinct substance (biliary sugar and biline,) but it is 
nothing more than pure bile. J 

When incinerated, pure bile left 6-6 per cent, of soda and 
1'87 per cent, of chloride of sodium; and on organic 
analysis it yielded, — carbon, 68-80; hydrogen, 10-40; 
nitrogen, 3-44; oxygen, 17-36. § 

M. Platner has obtained some curious results with the 
pure biliary matter. He considers that it is composed of 
two distinct substances, one of which, the main constituent, 
may be obtained in a crystalline state. This was accom- 
plished by evaporating the bile to dryness, adding absolute 
alcohol, filtering the solution, and repeating this process 
several times. Excess of aether was then added to the 
strong alcoholic solution, and the mixture set aside in the 
cold; the principal and most important constituent of the 
bile then crystallized ;|| from |—£ of the bile used however 
did not crystallize, but remained liquid. Liebig considers 
the crystals as bibilate of soda ; they have a slightly sweetish 
and bitter taste, are very soluble in alcohol and water and 
very deliquescent. Their solution is neutral, but the deli- 
quesced crystals are acid, this reaction disappearing on the 
addition of water. The acid solution is not precipitated by 
acetate of lead, but is so when neutralized; subacetate of 
lead and nitrate of silver cause white precipitates in the acid 
solution ; muriatic, sulphuric and nitric acids, even when 
concentrated, cause no opacity. When warmed, muriatic 
acid causes the solution to become opaque, and deposit 
oily drops. The oily body is entirely soluble in water. 

* Liebig. 

f If the colouring matter and fat have not been separated, a slight 
precipitate of biliverdine and fatty acids, combined with oxide of 
lead, subsides. 

t Liebig. § Kemp. 

|| These crystals, as I obtained them, formed delicate, silky, flat- 
tened needles, mostly arranged in aigrettes. 
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After removing the crystals, if the aether be distilled, a body 
remains, which behaves exactly like Gmelin's biliary resin. 
As this crystalline compound has not been subjected to 
organic analysis, we are still uncertain as to its nature and 
relations. In the bile of the minor animals, the composition 
of the bilic acid seems to be constant; ihis would tend to 
render it probable that the bilic acid is a simple body, and 
not composed of several proximate constituents. 

Berzelius, as we have stated, regards the bile as a much 
more complex fluid. The substances which he considers 
as entering into its composition will now be briefly described, 
with some decided products of decomposition of the bilic 
acid. The former are prepared as follows :— The bile is 
evaporated to dryness in the water-bath, or in vacuo over 
sulphuric acid, and the temperature finally raised in vacuo 
to 212°. The dried residue is powdered, and exhausted 
with anhydrous alcohol ; mucus, chloride of sodium, and 
other salts and animal matters are thus left undissolved. 
The solution contains bilate of soda, alkaline oleate and 
margarate, colouring matter, &c. It is filtered, and shaken 
in small quantities at a time with chloride of barium, 
whereby a green precipitate is formed ; this consists of bili- 
verdine and baryta. It is washed with alcohol and water, 
then decomposed whilst moist by dilute muriatic acid, which 
removes the baryta. The remaining biliverdine is then dis- 
solved out by alcohol, and is left on its evaporation.* 

If barytic water be added to the solution of bile from 
which the last compound has been separated, a precipitate 
of bilifulvine forms in combination with baryta. This is 
washed with alcohol and water. The latter dissolves out 
most of the bilifulvine and baryta, leaving a little biliverdine 
and baryta undissolved.! 

The excess of baryta is now precipitated by carbonic 
acid, and sulphuric acid diluted with alcohol added as long 
as any precipitation of sulphates occurs. The filtered fluid 
is mixed with moist carbonate of lead ; this removes the 
sulphuric and some fatty acid ; excess of lead is precipitated 
by sulphuretted hydrogen; the solution is then filtered and 
evaporated to dryness. When dried, the residue is ex- 

* See 78. t See 79 - 
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hausted of fat by jether, and consists of biline mixed with a 
little fellinic and cholinic acids, resulting from its partial 
decomposition. The latter are removed by gradually add- 
ing a little finely divided oxide of lead in small portions; a 
plastery mass is formed ; the solution is filtered, evaporated 
to dryness, and treated with anhydrous alcohol, which dis- 
solves the biline ; the solution should be evaporated in 
vacuo * 

77. The colouring matter cannot be obtained from the 
bile in an absolutely pure state. It is almost insoluble in 
water and alcohol. It is called cholepyrrhine by Berzelius, 
and is remarkable for the series of tints through which it 
passes when treated with nitric acid, becoming first brownish, 
then green, blue, violet, red, and finally yellow or yellowish- 
brown. It is sometimes suspended in the bile in the form 
of a yellow powder; at others, enters into the composition 
of biliary calculi. It is readily soluble in a solution of 
caustic alkali ; the solution yields a green precipitate when 
treated with muriatic acid. Two other colouring sub- 
stances are described by Berzelius, which will be next 
noticed ; but whether they are products or educts of the 
cholepyrrhine is not known. It is highly probable that 
these colouring matters are mere modifications of one and 
the same. 

78. Biliverdine is insoluble in water, slightly soluble 
in alcohol, the concentrated solution being reddish; also 
slightly soluble irt sether, colouring it red. Sulphuric and 
muriatic acids dissolve it with a green, and acetic acid with 
a red colour ; sether colours it red. Nitric acid in excess 
decomposes it, rendering the solution yellow, but not 
causing the formation of the series of tints, except it be dis- 
solved in an alkaline solution. It has been analyzed by 
Scherer, who separated it from the urine of a jaundiced 
patient by chloride of barium. He found it composed of,— 
carbon, 67-761 ; hydrogen, 7-598 ; nitrogen, 6-704 ; oxygen, 
17-937. 

During the occurrence of these changes in colour, the 
substance loses carbonic acid and hydrogen. 

79. Bilifulvine has been but little examined. It is 

* See 80. 
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best obtained by exhausting the dried bile first with anhy- 
drous alcohol, and then with warm spirit (0-843.) On 
mixing the latter solution with anhydrous alcohol, it is pre- 
cipitated, the alcohol is distilled off, the biliful vine dissolved 
in water, and the solution precipitated with acetate of lead, 
the precipitate decomposed by sulphuretted hydrogen, and 
the filtered liquid evaporated to dryness ; the residue dis- 
solved in a small quantity of water, and anhydrous alcohol 
added to it as long as it occasions a precipitate. This is 
dried, and is bilifulvine, a compound of bilifulvic acid and 
soda. When treated with nitric acid, the bilifulvic acid is 
precipitated. It is insoluble in water and alcohol.* 

80. Biline (Gmelin's biliary sugar, Thenard's picromel) 
is colourless or pale yellow, bitter and sweet, soluble in 
water and alcohol, but not in aether. It may be heated 
above 212° without decomposition. Its aqueous solution 
is unprecipitated by acids, alkalies and metallic salts. It 
forms a semifluid compound with potash, and leaves no 
ashf on incineration. The mineral acids decompose it into 
fellinic and cholinic acids, dyslysine, taurine and ammonia. 
Its ready decomposition forms a marked peculiarity. In 
whatever manner it is procured, it always contains sulphur.J 

Biline may be obtained either by the process above men- 
tioned, or the following: — Fresh bile is acidified with a 
few drops of acetic acid; neutral acetate of lead is then 
added; the biliverdine, oleate and margarate of lead are 
thus precipitated; basic acetate of lead is then added to 
precipitate the bilifellinic acid ; the plastery precipitate is 
separated by filtration, and the filtered solution decomposed 
by excess of carbonate of soda ; the precipitate is then ex- 
hausted with absolute alcohol, and the alkali thrown down 
from this solution by dilute sulphuric acid, cautiously- 
added; on evaporating the alcoholic solution to dryness, 
the biline is left. 

Liebig considers that the substance called biline is 
nothing more than pure bile, held in solution by the acetic 



* Lowig. 

f Theyer and Schlos3er obtained a strongly alkaline asli.. 

t Lehmann. 
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acid set free on treating the bile with acetate of lead, as 
nearly the whole of the bilic acid is precipitated by the basic 
acetate of lead. 

81. Fellinic acid appears to be nothing more than a 
combination or mixture of cholinic with choleic acid.* It 
is formed by digesting biline or purified bile with dilute 
muriatic acid for some time. At first an oily fluid (bilifel- 
linic acid, ») separates ; the digestion is continued until 
water, which has been poured on the residue of the decanted 
fluid, ceases to be rendered turbid, when a little of the latter 
is added to it. The separated mass is then washed with 
warm water, the water being subsequently added to the 
acid; it contains taurine and chloride of ammonium. (If 
the soda has not been removed from the bile, it also con- 
tains chloride of sodium.) The residuary mass consists of 
fellinic and cholinic acids, and dyslysine.f The two former 
are removed by cold alcohol (084,) in which they dissolve; 
the dyslysine remains insoluble. The solution is mixed 
with several volumes of water, and set aside for some hours. 
A precipitate, consisting principally of cholinic acid, is 
formed, but the liquid does not become clear. The fellinic 
acid principally remains in solution. The precipitate is 
treated with solution of carbonate of ammonia ; this dis- 
solves the fellinic acid, leaving an acid cholinate of am- 
monia undissolved. The first fellinic solution is evaporated 
to a syrup, and also treated with the carbonate of ammonia. 
The ammoniacal solutions are then evaporated to dryness, 
the residue digested with water, and the solution decom- 
posed by muriatic acid. The acid separates in white flakes. 
It is but little soluble in water, more so in aether, and 
readily in alcohol. It leaves no ash. Its alkaline salts 
form white plastery precipitates with salts of baryta. It 
contains no nitrogen. | It combines with biline to form — 

82. Bilifellinic acid. — This exists in two forms, — one, 
«, containing a maximum, the other, /3, a minimum of 



* Liebig. f Demarcay's choloidic acid. 

^ Since purified bile affords no precipitate with either barytic 
water or chloride of barium and ammonia, fellinic acid does not exist 
in it. 
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biline. The latter is obtained from the bile which has been 
purified from mucus, colouring matter, and other acids, 
with acetate of lead, by precipitation with the basic acetate. 
It falls in flakes, which form a plastery mass. It is sepa- 
rated by decomposing the lead salt with carbonate of soda 
at a gentle heat; and the soda salt, by sulphuric acid. It 
may be purified from sulphuric acid by carbonate of lead, 
and from fellinic and cholinic acids by aether. It forms a 
syrupy acid liquid, is bitter, readily soluble in hot alcohol, 
little so in cold, as also in hot water. It is Demarcay's 
choleic acid.* 

The bilifelline acid « is decomposed by oxide of lead 
into bilifellinic acid /3, biline being set free ; it is unaffected 
by aether. The bilifellinic acid /3 is resolved by aether into 
bilifellinic acid «, fellinic and cholinic acids ; the latter are 
dissolved by the aether, the former is insoluble. 

83. Taurine is obtained in the process described for 
procuring fellinic acid. The solution is evaporated to dry- 
ness, the residue treated with alcohol ; (0 84) this dissolves 
the muriate of ammonia and chloride of sodium, leaving 
the taurine in w 7 hite crystals. These are six-sided prisms, 
with four or six-sided summits, soluble in water, but little 
so in alcohol. Taurine is neutral, and not precipitated by 
acids nor metallic salts. It consists of C 4 H 7 N O 6 S 2 , yield- 
ing C 19-19, H 5-59, N 11-19, O 38-39, S 2559; the 
numbers found were C 19-34, H 5-67, N 11-19, 38-00, 
and S 26-00. No indication of the presence of the sulphur is 
obtained by boiling taurine with potash and oxide of lead ;f 
it is however by the method recommended in 30, the only 
safe test of the presence of sulphur. 

84. Dyslysine is obtained in the preparation of fellinic 
acid. It resembles resin ; is but little soluble in alcohol 
even when boiling; the latter solution deposits an earthy 
powder on cooling; it is insoluble in water. 

85. Cholinic acid is obtained by decomposing cholinate 
of ammonia (81) with dilute muriatic acid. It separates in 
white flakes, which when dry are readily pulverized. It is 
insoluble in water, soluble in alcohol, but little in aether. 

* Berzeltus. t Dr. Garrod. 
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It differs from fellinic acid by swelling in alkaline carbo- 
nates, without however dissolving either in them or in 
water subsequently added. Its barytic compound is inso- 
luble in water.* 

86. Choleic acid is obtained by boiling biline or the 
alcoholic solution of the bile with potash as long as ammo- 
nia is evolved; the liquid is evaporated, the residue dis- 
solved in water and decomposed by acetic acid. It crys- 
tallizes in needles, is slightly soluble in water, readily so in 
alcohol. It is composed of C 42 H 36 O 10 . The cholates 
are mostly soluble in water, and possess a sweet taste. 

87. Choleic acid. — Demarcay obtained this substance 
from bile by dissolving the alcoholic extract in water, and 
precipitating with acetate of lead, the free acid being neutra- 
lized by ammonia. The plastery precipitate is washed and 
boiled with alcohol ; this dissolves what Demarcay supposes 
to be an acid salt, leaving a basic one. The lead is re- 
moved by sulphuretted hydrogen, and evaporated to a syrup, 
treated with aether, and then completely dried. It forms a 
spongy, very bitter mass ; is insoluble in aether, readily so 
in alcohol and water. Demarcay considers it as the prin- 
cipal component of the bile. Berzelius regards it as his 
bilifellinic acid /3.f 

It is composed of C 21, H 36, N 2, and 12. It con- 
tains an undetermined amount of sulphur.^ 

88. Choliodic acid is obtained in the form of a solid 
deposit, by boiling bile with excess of muriatic acid. It is 
yellow and bitter, readily soluble in alcohol, but little in 
water, and almost insoluble in aether. Berzelius considers 
this as a mixture of fellinic and cholinic acids with dysly- 
sine. 

As we have slated, it is uncertain how many of these 
compounds are present in the undecomposed bile. The 
composition of the bile, according to Berzelius's view, may 
be stated thus: — 



* The nnn precipitation of the pure bile by the addition of either 
barytic water or chloride of barium and ammonia, proves that it does 
not pre-exist in the bile. — Liehig, 

f Lehrbuch, vol. is. p. 260. £ Dr. Garrod. 
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1. Water. 

2. Mucus. 

3. Colouring matter:— Cholepyrrhine \ **%%!$?*• x 

° rj ( (bihfulvine.) 

4 Fattv matter $Fats: — Seroline, cholesterine, phosphorized fat. 
^ ( Soaps: — Alkaline oleate and margarate. 

5. Biline, bilifellinic and cholinic acids. 

6. Salts: — Chloride of sodium. 

7. Bases : — Soda (traces of oxide of iron.) 

In a quantitative proximate analysis of the bile, Berzelius 
obtained — 



Biline, fellinic acid, fat, &c. 

Mucus ...... 

Alkali (which was combined with the biline, felinic acid 

&c.) . .«. 

Chloride of sodium and extractives 
Phosphates of soda and lime, and a trace of an animal mat 

ter insoluble in alcohol .... 
Water ...... 



8-00 
0-30 

0-41 

0-74 

Oil 

90*44 



89. The method of detecting the biliary colouring matter 
has been already described. In an albuminous fluid, the 
green colour which it imparts to the albumen, precipitated 
by nitric acid, is evident when a minute quantity only is 
present. In some cases I have seen the liquid coloured 
greenish-yellow by nitric acid, when the albumen remained 
perfectly white. Sometimes the reaction may be made evi- 
dent by treating the fluid or solid with solution of potash 
prior to the application of the acid. 

The detection of the bilic acid is described at p. 122. It 
does not however appear to occur in animal fluids.* When 
suspected, it may be precipitated by basic acetate of lead, 
the supernatent liquid decanted, the precipitate decomposed 
by digestion with a little dilute sulphuric acid, and the re- 
sulting fluid poured off, and subjected to the reactions of 
Pettenkofer's test. 

90. The quantitative analysis of the bile may be effected 
either by estimating the bilic acid as a simple substance, or 
separating the bilic acid and biline. 

For the former purpose, it should be dried in a water- 
bath or in vacuo, the residue pulverized and exhausted with 

* Of course excepting the bile. 
10 
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aether, and subsequently with anhydrous alcohol, and 
digested for 12 hours with animal charcoal ; the solution is 
filtered, evaporated to dryness, and the residue incinerated. 
The loss indicates the amount of bilic acid; the residue 
consists of carbonate of soda.* 

The second method requires the separation of mucus by 
filtration and alcohol, and of the colouring matter by animal 
charcoal. The bilic acid is then precipitated by slight 
excess of basic acetate of lead. The fluid is gently warmed 
and filtered. The precipitate consists of chloride of lead, 
and corresponds to the chloride of sodium which was dis- 
solved in the alcohol. The latter is then evaporated, the 
residue washed with water, dried and weighed ; it is bilate 
of lead. By incineration, the amount of base may be as- 
certained. The biline is obtained from the filtered liquid 
by decomposing the remaining lead with sulphuretted hydro- 
gen. The solution is filtered, evaporated, the residue dis- 
solved in alcohol, and the soda precipitated by sulphuric 
acid, again filtered, and the excess of acid separated by 
acetate of lead. The lead is then removed by sulphuretted 
hydrogen, the filtered solution contains the biline and acetic 
acid. The latter is removed by evaporation.! Or the 
biline, mixed with the acetate of soda, may be dried and 
then incinerated ; the resulting carbonate of soda corres- 
ponds to the acetate, and the difference between the weight 
of the dried extract and the acetate of soda, calculated from 
the carbonate, is equal to the biline. The amount of mucus 
is ascertained by incinerating the portion at first left undis- 
solved by the alcohol ; it corresponds to the loss. 

The microscopic appearance of the bile presents nothing 
characteristic. It is not uncommon to find minute amor- 
phous particles of the colouring matter diffused through it. 
The mucous appears to resemble that of most other mucous 
membranes. 

91. Biliary calculi are generally composed of either 
inspissated bile, cholesterine, or a mixture of the two; they 
frequently also contain the mucus of the g i 1 -bladder. They 
are usually lighter than water, and in;' analysed as fol- 

* With chloride of sodium, if absolute a .• h<;. ! s not bee used, 
f Lowig. 
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lows: — They should be first powdered, and the dried bile 
extracted by water. The powder is next exhausted with 
aether, which removes cholesterine and other fatty matters; 
these may be separated by solution in boiling alcohol, which 
deposits cholesterine on cooling. The remaining powder 
is then treated with boiling alcohol, which removes iellinic, 
cholinic acids, &c, if present. The colouring matter is 
then removed by solution of carbonate of ammonia ; potash 
subsequently dissolves mucus or proteine compounds ; the 
latter may be separated by excess of acetic acid, in which 
they dissolve, leaving the mucous insoluble. The process 
will however require to be varied according to circum- 
stances. Copper has been found in those calculi which 
contain any amount of colouring matter. 

92. Excrement. — The excrementitious matters forming 
the faeces have been elaborately examined by the indefati- 
gable Berzelius, upon whose process I shall base my obser- 
vations ; the method pursued may be also well applied for 
their general examination. 

When faeces are mixed with water, well stirred and set 
aside, one part dissolves, another remains insoluble. By 
filtration through linen, these are separated ; the insoluble 
portion is composed of undigested substances. The liquid 
part is allowed to repose, and filtered through paper ; an 
insoluble part (B) remains, a soluble (A) passes through. 

If a portion of the fluid be set aside, ammonia is formed, 
and a scum of crystalline triple phosphate is found on the 
surface. If the solution be evaporated by a gentle heat to 
the consistence of a thin extract, and then treated with 
alcohol, this dissolves one portion, («) acquiring a reddish 
brown colour, whilst a grayish brown matter is sepa- 
rated. (/3) 

1. When the alcoholic solution is mixed with a little 
water, the alcohol distilled off", and a little sulphuric acid 
added, a brownish precipitate falls, more of which is formed 
on evaporating the solution. This is composed of bilifel- 
linic acid, «, and may be resolved into biline and bilifelli- 
nate of lead by oxide of lead, but the biline is very brown. 

If the mixture be distilled with sulphuric acid, a liquid 
containing no acetic acid, but a trace of muriatic acid, 
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passes over; and if, after the separation of the biliary resin, 
the sulphuric acid be neutralized with carbonate of lime or 
baryta, the solution evaporated, and the residue treated 
■with alcohol, sulphate of lime or baryta is left, and a red- 
dish-brown extractive matter is dissolved, which remains 
transparent after the evaporation of the alcohol. It is solu- 
ble in water and alcohol ; the first solution is reddened by 
acids, and is almost completely precipitated by tin, lead 
and silver salts, also by tannic acid. It contains some 
alkali, and appears to be the cause of the alteration in the 
colour of the solution on exposure to the air. 

2. That portion of the excrements soluble in water left, 
as we have seen, a certain quantity of substance insoluble 
in alcohol, consisting principally of albumen coloured brown 
by bile, and alkaline sulphate and phosphate, which are left 
on incineration. 

3. The portion of the excrement (B) consists of intestinal 
mucus, and the matters precipitated by the bile. It is very 
" mucous." It swells in water, is soluble in caustic pot- 
ash, and reprecipitated by acids, the fluid evolving an odour 
of bile. 

Alcohol and aether extract fat and bilifellinic acid (*) from 
it. The fat, removed by aether, is dissolved by caustic 
potash. After it has been treated with alcohol and aether, 
a matter is dissolved by warm water, which colours it yel- 
low; on evaporation, it leaves a brownish extractive mass, 
which does not again completely dissolve in water. It is 
insoluble in alcohol ; its solution is troubled by diacetate of 
lead and tannic acid ; the latter disappears by heat. By the 
continued action of alcohol or aether and water, more biliary 
resin and matter soluble in water can be removed ; but 
finally an insoluble mass remains. This is probably intes- 
tinal mucus coloured by biliary colouring matter, and is 
soluble in caustic potash. Dried excrement yields about 
0'15 per cent, of ash, consisting of phosphate of lime with 
phosphate of magnesia, and a trace of sulphate of lime, 
0-1 ; carbonate of soda, 0-008; sulphate and phosphate of 
soda, with a little sulphate of potash and silica, 0-018. 

Berzelius obtained by analysis — 
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Water .... 
f Bile 

Soluble in ) Albumen . 

water 1 Peculiar extractive 
[Salts 

Insoluble residue of food 

Matters added by the intestinal canal and its appen 
dages, as mucus, biliary resin, fat and peculiar 
extractive ...••• 



75a 

0-9 
0-9 
2-7 
1-2 
7-0 

14-0 



100-0 



The salts, extracted by water from 3 oz. of fresh fseces, 
Berzelius found thus constituted: — 



Carbonate of soda 


3-5 


Chloride of sodium 


4-0 


Sulphate of soda . 


2-0 


Phosphate of lime 


2-0 


Phosphate of magnesia 


4-0 



15-5 

93. The examination of the fasces, both in health and 
disease, although certainly a most unpleasant task, is un- 
doubtedly more important than that of any other excretion, 
and will certainly throw great light on many points both in 
physiology and pathology. We have lately learned that 
the bilic acid and the colouring matter of the bile have no 
essential connexion with one another, and that the de- 
tection of the one does not permit of our drawing 
any conclusion as to the presence or absence of the 
other. The bilic acid appears to be very rapidly re- 
moved from the intestines ; and although the colour of 
the fasces may have the normal depth of tint, there 
is generally barely more than a trace of the bilic acid to be 
detected. The two however are apparently secreted in 
certain tolerably definite proportions ; so that, by the ap- 
pearance of the one in the fasces, we may judge with tole- 
rable accuracy of the probable amount of the other, which 
has been secreted, but has disappeared from absorption. 
We are unacquainted with the causes of the variation in 
the colour of the faeces, exclusive of the depth of normal 
tint dependent upon the presence of the colouring matter of 
the bile in greater or less quantity. The changes seem 
however principally to occur after the bile has been poured 
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into the intestine;* for that fluid, in ordinary cases, differs 
remarkably little from its normal characters, judging from 
its appearance in the gall bladder, as discovered _ by post 
mortem examinations. In some cases, especially diarrhoea, 
the bilic acid seems to occur in the faeces in considerable 
abundance. The principal abnormal constituents of the 
faeces are fatty matters, sometimes in great abundance; 
undigested portions of food, particularly vegetables;! sugar; 
free albumen ; fibrine, or the oxides of proteine, in the form 
of false membranes, sometimes representing casts of the 
intestines ; urea ; increased quantity of mucus ; the earthy 
phosphates, either crystalline or amorphous; blood; alka- 
line salts, and the various ordinary products of putrefactive 
fermentation, necessarily accompanying which are infusoria. 
After the use of mercury as a purgative, the motions are 
green, especially in children ; this arises from the presence 
of an increased quantity of the biliary colouring matter, the 
corresponding bilic acid being also present in greater pro- 
portion than natural. Simon obtained from 100 parts of 
the dry residue — 

Green fat, containing cholesterine . . . 10*00 
Substance resembling ptyaline, soluble in water i 

only, and but slightly precipitated by tannic and > 24*30 
acetate of lead . . . . . ) 

Biline, with bilifellinic acid and biliverdine, together > 21*40 

dissolved by anhydrous alcohol . . . \ 

Extractive soluble in dilute alcohol . . . 11*00 

Albumen, mucus, and epithelial cells . . 17*10 

Salts , 12*90 

Calculi are sometimes formed in the alimentary canal; 
they usually consist of undigested portions of the vegetable 
food, as the hairs on the oat, &c. They are best recognised 
by the microscope. 

94. Milk. — The ordinary appearances of milk are too 
well known to require description. It is slightly alkaline; 
spec. grav. about 1030. Its opacity is caused by a very 
large number of oily globules. When perfectly dried, it 

* I believe that great benefit would arise in practice from atten- 
tion to this suggestion. 

■J- The microscope is of infinite service in unmasking the nature of 
these substances. 
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leaves 10-15 per cent, of residue, and on incineration yields 
O'l-O^S per cent, of ash, one-third of which consists of 
soluble salts. It is coagulated by acetic, lactic, and most 
dilute acids, as also rennet. After having been coagulated 
by rennet or lactic acid, the filtered solution is coagulated 
on ebullition. The substance thus precipitated has been 
considered as albumen, and denominated zieger ; it is how- 
ever nothing more than caseine. When set aside, a white 
scum gradually forms on its surface, constituting the cream; 
this is composed of the light globules, a small portion of 
caseine, and a little serum, retained interstitially by the glo- 
bules. The spec. grav. of cream is about 1024. By 
churning, the globules are beaten into union, and butter is 
formed. The fluid which remains is butter-milk. Butter 
consists of stearine, elaine and butyrine; it is easily saponi- 
fied, yielding 88-5 per cent, of fatty acids combined with 
glycerine ; these consist of stearic, oleic, Capryllic, and 
capric with butyric and caproic or vaccinic acids. Many 
of these substances have been described ; those which are 
peculiar to the milk will now be noticed. 

95. Caproic acid is a volatile fatty oil, which remains 
fluid below 16°, boils at a temperature above 212°, has an 
odour resembling that of perspiration and dilute acetic acid, 
is but little soluble in alcohol and cether, readily so in anhy- 
drous alcohol. Its barytic salt crystallizes in long silky 
needles, which are aggregated into bundles, anhydrous, and 
unchanged by exposure to the air. Caproic acid consists 
ofC 12 H 11 0\* 

It may be obtained in the same manner as butyric acid, 
from the caproate of baryta (p. 77,) which must be purified 
by recrystallization. 

96. Capric acid is volatile and fluid, solidifies at 5°, 
boils above 212°, and is but little soluble in water and 
aether. It is composed of C 20 H 19 0\ 

Its barytic salt is very difficultly soluble, anhydrous, un- 
affected on exposure to the air, and crystallizes in needles 
and scales. Chevreul's caprate of baryta consists of two 
distinct salts, the true caprate and the capryllate. 

Capric acid may be obtained from the caprate of baryta, 



Lerch, Chem. Gaz., vol. ii. p. 379. 
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(p. 77.) This exists in the saline mass which remains 
undissolved in the first portion of water (p. 77,) and is 
separated by dissolving it in as much boiling water as is 
requisite for perfect solution and filtering whilst hot. On 
cooling, caprate of baryta subsides in minute scales. More 
is obtained on the further evaporation of one-fourth of the 
liquid. It is purified byre-crystallization. 

97. Capryllic acid forms a greasy mass, crystallizes 
below 50°, and is difficultly soluble in water. It is com- 
posed of C 16 H 1S O 3 . 

Its barytic salt is anhydrous, permanent, does not fuse at 
212°, and is very sparingly soluble in water. 

The capryllate of baryta remains in the mother-liquor 
from which the caprate of baryta has subsided ; by spon- 
taneous evaporation and re-crystallization it is obtained 
pure. 

It has been stated above, that on the saponification of 
butter, instead of butyric and caproic acids, we sometimes 
obtain another, having the same saturating capacity as the 
two former conjointly, but probably containing less oxygen; 
this is 

98. Vaccinic acid. — It has not been perfectly examined. 
Its probable composition isC 20 H I8 O s ; it is a bibasic 

acid. 

Its barytic salt is efflorescent, has a strong odour of but- 
ter, is of about the same solubility in water as the butyrate 
of baryta, and contains an undetermined amount of water. 
Vaccinic acid is readily decomposed into butyric and 
caproic acids. 

99. Sugar of milk has a slightly saccharine taste. 
Chem. prop. — It is soluble in 6 parts of cold, in 3 parts 

of hot water; is insoluble in absolute alcohol and aether, 
but dissolves in dilute alcohol in greater proportion as its 
strength is less. By the ebullition of its solution with dilute 
muriatic, sulphuric or acetic acids, it is converted into 
grape-sugar. When strongly heated it fuses, gives off 11*9 
per cent, of water, and solidifies into a crystalline mass on 
cooling. Fixed alkalies convert it at a high temperature into 
oxalic acid. Its aqueous solution is not precipitated by bi- 
chloride of mercury, tannic acid, nitrate of silver, nor either 
acetate of lead; but it is so by strong alcohol; the sugar 
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falls in a crystalline state. With strong nitric acid it yields 
saccharic, inucic and oxalic acids. On incineration it 
leaves 0-1-0-4 per cent, of ash, consisting of phosphate of 
lime. It ferments difficultly with yeast and produces alco- 
hol, mucous sugar being formed at the same time ; this fer- 
mentation probably ensues in mucous or grape-sugar "which 
is formed from the milk-sugar, by the action of the lactic 
acid produced. 

It consists of C 12 H 10 O 10 + 2HO ; yielding carbon, 
40-46 ; hydrogen, 6-60 ; and oxygen, 52-93. 

It exists in human milk, forming about 4-7 per cent., or 
two-fifths of the solid residue ; and yields the same reactions 
with Trommer's and Pettenkofer's tests as the grape or dia- 
betic sugar. 

Microscop. char. — It forms four-sided prisms when slowly 
crystallized, otherwise the curious forms figured in PI. IV. 

fig- 23. 

The following are the components of milk : — 

1. Water. 

2. Caseine. 

(Neutral, elaine, stearine, butyrine. 

■? FattvmsittPre J Acid ' elalC ' S,eafic ' but y ric > ca P" C ' Capioic, 

6. tatty matters. <j ca pryllic or vaccinic. 

[ Basic, glycerine. 
4. Extractives. 

[Alkaline, muriates and phosphates of potash, soda, and 
_ <j , j ammonia with soda. 

d. sans. <j Eart j iy ^ chloride of calcium, phosphate of lime and 
magnesia. 

6. Trace of oxide of iron. 

7. Sugar. 

The ash of evaporated milk yields alkaline sulphate, 
a product of the oxidation of the sulphur of the caseine 
combined with soda and potash. 

100. The analysis of milk is difficult, on account of 
the caseine being somewhat soluble in the reagents ordinari- 
ly used in the analysis of organic fluids, especially when 
mixed with salts. 

The following is that of M. Haidlen, perhaps the best :— 

Burnt gypsum is moistened with water, so as to allow of 
its combination with its water of crystallization, gently 
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dried, finely powdered, and again dried in a water-bath. 
One-fifth part of this by weight is then boiled with the milk, 
the whole evaporated to dryness in the water-bath, and 
weighed ; the weight of the residue minus that of the gyp- 
sum is equal to that of the solid contents. These are then 
powdered in a warm mortar,* and the powder put into a 
weighed flask; the weight is then again taken, and the 
powder is treated with aether, until all the fat is removed, 
dried at 212° in the flask and weighed. It is then digested 
with boiling alcohol (0-85, ) placed on a weighed filter and 
well washed with alcohol. The residue is the caseine with 
the sulphate of lime, the sugar and soluble salts being dis- 
solved by the alcohol. By deducting the weight of sul- 
phate of lime from that of the residue, the weight of the ' 
caseine is obtained. The salts may be separated from the 
sugar by incineration ; but their analysis is best made from 
a separate portion. 

The following analyses may be regarded as expressing 
the average composition of milk : — 

human. From the 

, * , cow. 

Water 88-36f 89-2^ 85-7f 

Solids 11-64 10-8 14-3 

Butter 2-53 3-4 4-0 

Caseine 3-43 3-1 7-2 

Sugar and extractives 4-82 4*3§ 2*8 

Fixed salts .... 2-30 0-62 

Haidlen obtained 049 per cent, of ash from cow's milk; . 
it consisted of — 




0-210 soluble salts. 
0-280 insoluble salts. 



Chloride of sodium . 
Chloride of potassium . 

Soda 

Phosphate of lime . . 
Phosphate of magnesia 
Phosphate of the peroxide of iron 

Microscop. char. — The globules of milk are of extremely 

* The quantity used for the second operation must be weighed, 
and the result calculated for the residue. 

f Simon. % Haidlen. § Sugar only. 
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various sizes, they have been figured in PI. II. fig. 32. 
They have no tendency to coalesce ; this arises from their 
being coated with a delicate layer of caseine which en- 
velopes them, and is perfectly structureless. If a little 
acetic or lactic acid be added to milk, the membranes are 
dissolved and the fatty globules unite ; they also then be- 
come readily soluble in alcohol and aether, whereas in ordi- 
nary milk they cannot be dissolved by either of these re- 
agents. The demonstration of these coverings is a matter 
of great difficulty. Donne recommends that a drop of milk 
be placed between two pieces of glass, and that these be 
rubbed over each other; by this means they become rup- 
tured and visible ; I have not, however, been able to dis- 
tinguish them by this, nor any other means which I have 
adopted ; nor can I distinguish any difference in the surface 
of these globules and those prepared by triturating water 
with oil and sulphate of lime or any insoluble powder, 
which causes its subdivision into exceedingly minute 
globules. The globules appear to be rather larger in human 
than in cow's milk. 

When milk is kept in a warm place, free lactic acid 
speedily forms, this precipitates part of the caseine, at the 
same time the minute vegetable forms, spoken of in Part I. 
p. 47, are found in it. After milk has been coagulated by 
rennet or an acid, a portion of the caseine remains in solu- 
tion ; this has been called zieger ; it is coagulated by heat. 

101. The first secreted milk or colostrum is alkaline, 
and differs from that which occurs subsequently, in con- 
taining more solids, fat and salts. The corpuscles in it are 
also different ; they are of two kinds, one consisting of fat 
globules, which are partly larger than in the ordinary milk, 
and frequently coalescing; the second is composed of 
granulated, yellow rounded corpuscles, which are larger 
than those of the milk, and are apparently composed of 
aggregated very small fat globules. See PI. IV. fig. 26. 

102. Semen. — This fluid is always found mixed with 
that of the prostate gland. It is thick and viscid, having 
an odour somewhat resembling that of rasped bones, or a 
very strong solution of carbonate of soda. Before it has 
been retained in the vesicula seminales, it is more aqueous. 
The odour does not depend upon any substance dissipated 
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by heat, for on moistening the dried fluid it is again per- 
ceptible. It is slightly alkaline, and coagulated by heat, 
nitric acid and the ordinary tests for albumen. Vauquelin 
found that semen spontaneously deposited crystals of phos- 
phate of lime. I have some of these obtained from dried 
semen ; they were undoubtedly composed of phosphate of 
lime ; they are figured in Plate IV. fig. 29. 

When dried, semen leaves about 10 per cent, of solids; 
Vauquelin found these composed of peculiar extractive 6-0, 
phosphate of lime 3-0, and soda 1-0. 

Semen contains a remarkable mucoid substance, which 
does not appear to be in solution but suspension ; some 
time after the fluid has been emitted this substance gradu- 
ally dissolves, and the solution is no longer coagulated by 
heat.* It is soluble in acetic acid, and the solution is pre- 
cipitated by ferrocyanide of potassium. It has been called 
spermatine. If the semen be put into water at once, it 
does not dissolve, but forms a fibrous coagulum. The fresh 
semen is dissolved by all acids, even the uric and tartaric, 
and alkalies cause no precipitate in the solution. 

Microscop. char. — The semen mixed with the prostatic 
fluid (as it ordinarily occurs) contains five different kinds of 
bodies: — *, the spermatozoa, which are figured in PI. IV. 
fig. 29; /3, mucous globules, usually very large and dis- 
tinct; y, some of a whitish-yellow colour, not half the size 
of the last, and having neither a granular surface nor a nu- 
cleus ; £ the ordinary organic molecules ; and lastly, epi- 
thelial scales. 

We rarely have the opportunity of examining the seminal 
fluid, and when presented to us, it is generally in the dried 
state. The spermatozoa are the readiest objects by which 
it can be detected, but these are not invariably present. 
When semen is mixed with the urine, the latter becomes 
slightly albuminous, and the spermatozoa may be found in 
the deposit. If the deposit, or any fluid suspected to con- 
tain these animalcules, be allowed to evaporate nearly to 
dryness, they may frequently be much more readily detected 
than by the ordinary method. 

103. Tears. — The fluid of which these are constituted 

* Berzelius. 
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is alkaline, mucous and watery. On evaporation it leaves 
about 1 per cent, of solid residue ; this consists principally 
of chloride of sodium and ammonium, with a yellowish 
extractive matter not completely soluble in water, and a 
small quantity of soda. 

On microscopic examination it exhibits mucous cor- 
puscles, organic granules and a few epithelial scales. 

104. Perspiration. — The history of this important fluid 
is very imperfect. It does not differ materially from any 
other dilute mucous secretion. It is slightly acid, has a 
spec. grav. of 1003-1004, and consists of fat, mucus, 
sometimes butyric, carbonic and acetic acids and their salts, 
chloride of sodium and ammonium, phosphate of soda and 
lime, a trace of oxide of iron. Anselmino obtained from ^ 
to 1| per cent, of solid matter. According to his analyses, 
the proportion of constituents in 100 parts of perspiration, 
yielding 1 part of solids, was 

Water 99-00 

Aqueous extractive with sulphates 0'21 

Alcoholic extractive with acetates 0-29 

Chloride of sodium and spirituous extractive . . 0*48 

Phosphate of lime, epithelium and oxide of iron . 0-02 

The average quantity of perspiration was found by 
Seguin to be 11 grs. per minute, equal 33 oz. per diem. 

Microscop. char. — It exhibits mucous corpuscles, epithe- 
lial scales and organic granules. 

105. Cerumen. — This semi-solid substance is a kind of 
emulsion, consisting of soft fat and albumen ; a yellow, 
very bitter alcoholic extractive matter; an aqueous extrac- 
tive; soda, potash and lime, in combination with animal 
matter, but neither alkaline chloride nor phosphate. 

The fatty matter consists of a mixture of stearine, choles- 
terine and oleine, and is removed by aether; alcohol then 
dissolves the bitter extractive, which on evaporation forms 
an uncrystallizable residue, the aqueous solution of which 
differs from the aqueous extractive of other animal fluids in 
not being precipitated by either lime-water, diacetate of 
lead, bichloride of mercury, or tannic acid. When incine- 
rated, it leaves an ash, consisting of carbonate of soda and 
lime. The portion of cerumen left undissolved by aether or 
alcohol yields a small quantity of extract to water, which is 
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not precipitated by lime-water, basic acetate of lead, or bi- 
chloride of mercury. That portion undissolved by Eether, 
alcohol and water, consists of a mixture of albumen and 
epithelium. The former is dissolved by acetic acid, the 
latter being left. 

With the microscope, the cerumen exhibits oily globules, 
mucous corpuscles, epithelial scales, and an amorphous 
granular matter. 

106. Amniotic fluid. — This is turbid, yellowish and 
alkaline, coagulated by heat, nitric acid, and slightly by 
acetic acid. Its spec. grav. is about 1003, yielding from 1 
to 3 per cent, of solids. Bichloride of mercury causes a pre- 
cipitate, which soon becomes of a rose colour. Benzoic 
acid and urea have been found in the liquid after it had 
undergone partial decomposition. It contains chloride of 
sodium, sulphate and carbonate of soda, sulphate of lime, 
with traces of salts of potash. The microscope detects 
mucous corpuscles with tesselated and ciliated epithelium, 

107. Allantoic fluid. — This fluid has been examined 
in animals. Its spec. grav. was found to vary from 1003- 
1029. On evaporation, a brownish film, forms on its surface, 
which gradually subsides in flakes, and consists of albumen 
and earthy phosphates. The residue of its evaporation is 
partly soluble in alcohol ; the solution, on evaporation, 
yields an acid extractive matter and pearly crystals, which 
are undissolved on treating the mass with water; the latter 
are composed of allantoin. The fluid also contains chloride 
of sodium and ammonium, sulphate and phosphate of soda, 
phosphate of magnesia and lime, with an aqueous extractive 
matter. It also contains uric acid, and probably urea. 

Allantoin. — This interesting substance does not occur in 
the human body. Its preparation from the allantoic fluid of 
animals has been described. It may be obtained artificially 
by gradually adding peroxide of lead to a mixture of uric acid 
with water nearly raised to the temperature of 212°; as 
soon as the oxide of lead ceases to be altered in colour, no 
more is added. The solution is filtered whilst hot, and on 
evaporation it crystallizes. It may be freed from urea by 
cold alcohol. It is rather insoluble in water and alcohol. 
Its formula is C 8 H 5 N 4 s + HO. 

Microscop. char. — It forms colourless rhombic prisms. 
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108. Mucus.— This is a very important secretion from all 
mucous surfaces, the most obvious purpose of which is to 
defend them from the contact of irritating matters. In 
health it is not secreted in large quantity, but in cases of 
irritation of the secreting surfaces its amount is much in- 
creased and its properties considerably altered ; the latter 
are the circumstances under which it is ordinarily presented 
to our notice. 

When moist, it forms a gelatinous, viscid, semitranspa- 
rent mass, which sinks in water; its degree of inspissation 
varies; sometimes it is limpid, at others it may be drawn 
into long threads. When dried, it forms a yellowish mass, 
which swells in water, re-acquiring its former properties. 

Chem. prop.— It is insoluble in water, alcohol and aether; 
reacts as an alkali ; is coagulated or corrugated, frequently 
presenting a fibrous appearance when treated with acetic 
acid ; the latter phenomenon sometimes occurs when it is 
mixed with much water. When mixed with water and 
boiled, no coagulum is formed at first, although on long- 
continued boiling the liquid becomes milky and yields a 
slight deposit. It yields little or no precipitate with nitric 
acid, and is perfectly soluble in caustic alkalies. When 
suspended in water and the poles of a voltaic battery are 
immersed in it, albumen is liberated at one or both poles. 
On incineration, it leaves an alkaline ash, containing car- 
bonate and sulphate of soda, chlorides of sodium and 
potassium, and phosphate of lime. 

The composition of mucus is not satisfactorily knovwi ; 
the biliary mucus is the only one which has been examined ; 
this was obtained from ox-bile. It yielded,— C 52-54, 
H 7-95, N 14-33, -f S 25-18;* thus approaching the 
binoxide of proteine in composition, or still more the bufTy 
coat of blood. 

Its properties, as stated above, vary according to the 
membrane by which it is secreted. The chief peculiarities 
are as follows: — Nasal mucus is remarkable from its great 
"mucosity," its property of imbibing water and swelling 
several times after having been dried, and its solubility in 
acids. It leaves 5-98 per cent, of dry residue on evapora- 

* Dr. Kemp. 
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tion, and 0-65 per cent, of ash. Intestinal mucus is very 
viscid ; when dry, it is hard and elastic ; it swells in water, 
and if this contains a little alkali it again becomes mucous. 
It is dissolved by potash and reprecipitated by acids. 

Biliary mucus occurs partly in solution (?) and partly in 
a state of suspension : on filtering the bile, the latter portion 
is retained, the former passing through the filter, and ren- 
dering the bile precipitable by acetic and other acids and 
alcohol. After treatment with alcohol, it does not become 
viscid when moistened. 

Vesical mucus has been described in Part I. par. 8. 
Microscop. char.— Mucus exhibits corpuscles (PI. IV. fig. 
18 a, and 19 b) which resemble those of pus, but are not so 
readily acted upon by acids, yielding generally a single 
nucleus only, and that much larger than in the globules of 
pus; it also contains granules of various sizes (fig. 19c,) 
some of them being mere molecules, others as large as the 
nuclei of the globules of pus ; epithelial scales, and occa- 
sionally a fibrous structure are present (fig. 19 d;) the 
fibres of the latter appear composed of very minute granules. 
In the centre of many of the epithelial scales, large oval 
granular corpuscles are visible (fig. 18;) they cannot how- 
ever be mistaken for the true corpuscles of mucus, as they 
are unacted upon by acetic acid. 

109. In disease, the mucus becomes materially altered in 
quantity and composition ; in some cases it contains less 
solid matter than usual, but a very large relative proportion 
offline matter to the dry extract ; in others, this increase is 
not present. The peculiar muco-purulent secretion will be 
noticed presently; this is almost constantly present in the 
latter stages of pulmonary diseases ; in the secretions of 
other diseased membranes this peculiar secretion is more 
rarely observed. Diseased mucus is sometimes acid, and 
contains various abnormal constituents, such as true pus, 
blood-corpuscles, abundance of epithelial cells, fatty glo- 
bules, portions of tuberculous matter, and even of the pul- 
monary structure itself. Vegetable organizations, some- 
what resembling the torula? occurring in diabetic urine, are 
also sometimes found. Particles of starch have been found 
imbedded in masses of mucus ; white specks of this kind 
must not be confounded with those formed of tubercle. 
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Tubercles, when examined with the microscope, exhibit 
aggregations of minute amorphous granules, which have 
vascular (?) fibres running through them, occasionally also 
minute fatty globules. There is no peculiar tubercle- 
globule.* If they have commenced to soften, lymph- or 
pus-corpuscles are intermixed with the granular substance. 
They are soluble in acetic acid and ammonia. The peculiar 
tubercle-globules described by Gruby are supposed by 
Simon to be particles of starch derived from the food. 
They might readily be distinguished by a little solution of 
iodine, or the polariscope. 

When subjected to proximate analysis, tubercle yields a 
small quantity of fatty matter containing cholesterine and 
cerebric acid ; a substance precipitable by acetic acid and 
forming a scum when heated, like caseine ; albumen, and a 
residue insoluble in water, somewhat resembling fibrine ; 
also salts. 

On organic analysis, it presents no constant composition, 
as this varies according to the source from which it is de- 
rived. 

From the lungs it yielded, — carbon, 53-888 ; hydrogen, 
7-112; nitrogen, 17-237; and oxygen, 21-767; corres- 
ponding to the formula C 35 H 29 N s 0". 

Fluids secreted by Serous Membranes. — In the healthy 
state the quantity of fluid secreted by these membranes is 
extremely small, and we have no opportunity of examining 
it. Probably the nearest approach to the natural state of 
the fluid is that which is frequently found after death in the 
ventricles of the brain, or between the membranes of the 
spinal cord. 

The former is limpid, almost colourless, having a spec, 
grav. of about 100S, containing no fibrine. The ordinary 
tests for albumen cause slight precipitates, but in all proba- 
bility the small quantity of that substance thus indicated is 
derived from the passage of the fluid over the cut surface 
of the brain or its blood-vessels. It usually has the proper- 
ties of diluted serum of the blood. Berzelius found it com- 
posed of — 

* Hasse describes bean-shaped or serra'e'l eel!?,, some smaller* 
others larger than pus-cells, and somewhat flattened. 

11 
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Albumen °*J66 

Alcoholic extractive, with soda . . • 0-232 

Alkaline chlorides 0-709 

Soda 0028 

Animal matter, insoluble in alcohol . . • 0-026 

Earthy phosphates 0-009 

Water 98-830 

Mulder found also fatty matter and alkaline sulphate 
in it. 

From the Cavity of the Pleura. — These fluids are highly 
interesting, but have been very imperfectly examined. 
They vary considerably in appearance and composition, 
being sometimes serous, and forming a coagulum after 
removal from the chest during life, at others partially or 
completely purulent. 

Peritoneal Fluids. — These are usually of high specific 
gravity, containing albumen abundantly, but not differing 
in the nature of their constituents from other serous fluids.* 

Ovarian Fluids. — These differ remarkably in their proper- 
ties, sometimes being quite limpid, and at others dark- 
coloured, and so thick and gelatinous as to obstruct the 
canal of the instrument by which they are removed. The 
animal matter which they contain is in many cases quite 
peculiar, being exceedingly viscid, and of a brownish or 
bluish colour ; it is probably some modification of proteine. 
The fluids are slightly alkaline, coagulable by heat and ni- 
tric acid ; the precipitate with the latter is frequently yellow. 
Their constituents do not differ, with the above exception, 
from those of the blood, except that they contain no alka- 
line phosphate, or at least an exceedingly minute quantity 
only. , 

Serous Fluids from the Tunica Vaginalis. — These much 
resemble some of those fluids found in other serous sacs. 
They contain however more fatty matter, are usually yel- 
lowish, slightly opaque and alkaline, yielding albumen co- 
piously. The remarkable fact, that when the fluid of 



* Marchand found one composed of, — albumen, 2-38; urea, 0*42; 
carbonate of soda, 0-21; chloride of sodium, 0-82; phosphate of 
soda, with traces of sulphate, 0-06; siliceous matter and loss, 0-89; 
water, 95-22. 
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hydrocele is mixed with 'the serum of the blood, or digested 
with the deposit which subsides from an admixture of blood 
with water immediately after its removal, a coagulum is 
formed, has been pointed out by Dr. Buchanan. The 
cause of this phenomenon and the nature of the coagulum 
are unknown. 

The fluids of serous cavities frequently contain urea, 
blood-corpuscles and crystals of cholesterine, the latter 
floating on their surface. They may be analysed in the same 
manner as the serum of the blood, but particular attention 
should be paid to the properties of the various compounds 
which they contain. When examined microscopically, 
globules of various kinds are perceived, some much re- 
sembling those of mucus ; organic granules, with blood- 
corpuscles, spermatozoa and crystals of cholesterine. 
Sometimes numerous pus-globules are visible; these are, 
however, in general not so perfect as in true pus, being 
frequently disintegrated, or partially so. 

110. Pus. — Healthy pus is a yellowish, opaque, neutral 
fluid which is coagulated by heat, alcohol and nitric acid, 
the globules being entangled in the coagulum. Its spec. 
grav. is about 1030. When mixed with water it is pre- 
cipitated by acetic acid ; this does not however always 
occur. Caustic potash converts it into a uniform, tenacious, 
mucous mass, in which the addition of water or of acids 
causes a precipitate. Ammonia acts much in the same way 
as potash. When pus is mixed with alcohol, and the 
coagulum washed with that liquid, water subsequently 
added dissolves a substance which was considered as pe- 
culiar to pus, and was called pyine; Mulder states that it 
is tritoxide of proteine. It agrees with that substance in 
all the properties which have been detailed (1. c, /3.) It is 
moreover soluble in dilute alcohol, and yields precipitates 
with dilute muriatic and sulphuric acid and alum, which 
are redissolved by excess; acetic acid causes a precipitate 
not soluble in excess. In addition to albumen and tritoxide 
of proteine, pus contains cholesterine, stearine, oleine, 
oleate of soda, alkaline chlorides, carbonates, sulphates and 
phosphates, as also earthy phosphates and oxide of iron ; 
the latter is probably derived from an admixture of blood. 
The quantitative analysis of pus differ so much from each 
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other that I shall not detail them. The amount of solids is 
about 10-15 per cent. The action of neutral salts, as 
chloride of sodium or ammonium, &c, upon pus is very 
remarkable. The corpuscles lose their diffusibility through 
water, and form a large tenacious mucoid mass, which 
sometimes assumes the appearance of beautiful delicate 
membranes ; it is corrugated or coagulated by acetic acid, 
as also by nitric acid, and when washed with water the 
whole of the saline matter is not removed. "When examined 
with the microscope the substance still more resembles 
mucus than in its chemical properties, being composed of 
the mucous corpuscles, which are but little affected by 
acetic acid, and the granular base consisting of irregular 
molecules. 

Microscop. char. — Pus contains a large number of cor- 
puscles, to which its opacity and colour are entirely due. 
They are spherical, granulated on the surface, contain nuclei 
varying in number from one to four or five, and within 
these nucleoli (PI. IV. fig. 25.) The cause of the granular 
aspect of their surface, which we also find in the lymph and 
mucus-corpuscles, is obscure. On treatment with acetic 
acid the external portions of the corpuscles are dissolved, 
the nuclei being left ; these are generally two or three in 
number. In addition to these, others, less numerous and 
smaller, are present, which are suspended in the liquid; 
these are not granulated on the surface. There does 
not appear to be any essential difference between lymph- 
corpuscles, the colourless corpuscles of the blood, exudation- 
corpuscles, those in mucus, those of pus and the proper (?) 
chyle-corpuscles. 

It is thus perceived that pus is composed of two distinct 
parts ; one of which is liquid, the other consisting of minute 
cells or globules, and both these are essential to the con- 
stitution of true pus. If attention be paid to this fact there 
will be no difficulty in distinguishing pus from mucus. It 
frequently happens, however, lhat we meet with an excreted 
substance which does not yield these two constituents, but 
still has the general purulent appearance ; it contains the 
granular corpuscles in abundance, these give it the peculiar 
colour, but the vehicle in which these are suspended is not 
albumen, or if any of this substance be present it is but a 
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trace. Mucus here occupies the place of the true purulent 
albuminous vehicle; the limpidity of pus being exchanged 
for viscidity and tenacity. Hence also the substance fre- 
quently floats in water, as we sometimes find with mucus, 
especially that from the lungs, its viscidity enabling it to 
confine small quantities of air which are sufficient to render 
its spec. grav. less than that of water ; moreover it cannot 
be mixed with or diffused through water like pus. 

In some cases the purulent matter is much more fluid, 
containing few or no granular corpuscles, but numerous red 
corpuscles of the blood or a solution of their colouring 
matter; the fluid is generally at the same time foetid, am- 
moniacal, and contains sulphuretted hydrogen. 

In chronic abscesses the character of the purulent matter 
is frequently most materially changed, no pus-corpuscles 
can be detected, but the whole mass appears milky and is 
composed of innumerable irregular granules of various sizes, 
none so large as the pus-corpuscles, and none containing 
nuclei; numerous fatty globules and plates of cholesterine 
are also present, the albuminous vehicle remaining the 
same. 

111. The following is a general method for analysing 
various concretions : — 

a. The substance is powdered, weighed and thoroughly 
dried, again weighed and extracted with aether, which re- 
moves fatty substances. The powder is then exhausted 
with alcohol, and the substances removed are separately 
examined. 

b. The next proceeding must be varied according to the 
nature of the calculus; if composed principally of phos- 
phates it is exhausted with boiling water; dissolved in 
muriatic or nitric acid, the solution treated with excess of 
ammonia, which precipitates phosphate of lime and mag- 
nesia, oxalate of ammonia subsequently precipitates the 
lime which was not in combination with phosphoric acid, 
and phosphate of soda mixed with free ammonia precipitates 
the remaining magnesia. This process is not perfectly ac- 
curate, as the muriate of ammonia formed retains a portion 
of the phosphate of lime in solution, so that on subsequently 
precipitating with oxalate of ammonia the lime separated is 
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partly derived from the decomposed phosphate. It maybe 
modified by treating the acid solution with ammonia until a 
very slight precipitate is occasioned, dissolving this in a 
little acetic acid, then precipitating the lime with oxalate of 
ammonia, and the magnesia subsequently by ammonia. 
These precipitates may all contain animal matters, which 
are destroyed by incineration. 

c. A third process is to precipitate the phosphoric acid in 
combination with iron, as in 34 *, subsequently the lime by 
oxalate of ammonia, and the magnesia by ammonia and 
phosphate of soda. 

d. If the substance consists of carbonate or oxalate of 
lime it is treated with caustic potash ; this dissolves animal 
matter, uric acid, &c. ; dissolved in nitric or muriatic acid, 
treated with excess of ammonia to precipitate the oxalate 
and any phosphate,* and the lime separated by oxalate of 
ammonia. 

e. If it consists principally of uric acid, urates, &c. The 
portion dissolved by water may consist of the urates of pot- 
ash, soda, ammonia, lime and magnesia, small quantities of 
phosphates and animal matters. If the solution be evapo- 
rated almost to dryness, the urates are deposited, they may 
be decomposed by muriatic acid and the bases estimated. 
The portion undissolved by water is treated with dilute 
solution of potash, and the solution precipitated by acetic 
acid in considerable excess; the precipitate consists of uric 
acid. The solution is evaporated until the odour of acetic 
acid disappears, then treated with water, which leaves al- 
bumen, and mucus undissolved. The solution in water 
may be tested for animal matters with infusion of galls, bi- 
chloride of mercury, chloride of tin, &c. 

112. Concretions from the Air-passages. — These 
usually consist of a small quantity of animal matter with 
phosphate and carbonate of lime and a little magnesia. I 
found in one, animal matter (mucus with a little blood) 
12-5, phosphate of lime 76-35, and carbonate of lime 
10-47 ; it was perfectly structureless. 

* These maybe separated by heating to redness, dissolving in 
muriatic acid, and precipitating the phosphate by ammonia. 
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113. From the prostate Gland. — These have usually 
the same general composition as the above, the principal 
constituent being the phosphate oflime. 

114. Gout Stones. — These are earthy-looking bodies, 
consisting principally of urate of soda and cellular tissue. 
They also contain a little chloride of sodium, sometimes 
urate of lime and potash. The urates of soda, potash and 
lime, are soluble in boiling water, the organic substance 
remains undissolved. "Wurzer obtained uric acid 20*0, 
soda 20-0, lime 10-0, chloride of sodium 18-0, chloride of 
potassium 2-2, animal matter 19-5, and water 10-3. They 
may be analysed as in 6. 

115. Bones may be analysed according to the methods 
given in 1, 2 and 3. They consist principally of gelatine, 
phosphate and carbonate of lime, carbonate of magnesia, 
fluoride of calcium, sometimes a little oxide of iron and 
magnesia. After incineration sulphate and carbonate of 
soda and chloride of sodium are found in the ash. The 
two former are derived from the combustion of the organic 
matter. 

To analyse the bones they should be separated as per- 
fectly as possible from the periosteum and marrow, dried at 
a temperature of 248°-266°, so as to drive off the water ; 
exhausted with sether to remove the fat, incinerated to de- 
stroy the organic matters, the soluble salts extracted by 
boiling water, and the residue treated as above (112,6.) 
The fluoride of calcium is estimated according to 36. 

Marchand obtained from the femur, — ■ 
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100-00 



The magnesia probably exists in the bones as a car- 
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bonate, being converted into phosphate during the incine- 
ration. 

The relative proportion of inorganic matters is not the 
same in all bones. 






In the first part of this work, a general method for ana- 
lysing the urine was detailed ; a process will now be given 
which is adapted to any fluid that may be presented for 
examination : — 

116. The first step is to ascertain its physical appearance. 
This, with the naked eye, is readily accomplished, and the 
result should be carefully noted. The leading points are 
the colour, transparency and aspect of solid or semi-solid 
substances, which are either suspended in it or constitute a 
deposit. The colour of animal fluids is usually either 
whitish, yellowish, red, reddish or greenish-brown. The 
whitish colour generally depends upon the presence of 
minute colourless, or nearly so, particles, such as the glo- 
bules of milk, the molecules of the chyle, or the minute 
granules of the chronic abscess. The yellowish colour 
either arises from fatty matter, a very small quantity of the 
colouring matter of the blood or of the bile. The red 
colour depends either upon the blood or vegetable colouring 
matters. The former is distinguished as described in Part 
I. p. 37; the latter in Part I. p. 40. The reddish or 
greenish-brown generally arises from the colouring matter 
of the bile mixed with that of the blood ; sometimes from 
the former alone. The detection of the biliary colouring 
matter is described at pp. 122 and 140. Examination of the 
solid parts with the microscope completes this part of the 
process. They are either amorphous, crystalline, or other- 
wise structural. The amorphous are composed of distinct 
and united particles ; the former consist of either the organic 
granules which pervade all animal fluids, the lithates of 
ammonia or soda (Part I. p. 32,) the molecular base of the 
chyle (p. 129,) a finely-divided proteine substance (p. 124,) 
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and carbonate or phosphate of lime (Part I. pp. 35, 44.) 
Of these amorphous sediments the second and third are the 
smallest, although they all are exceedingly minute ; the 
organic granules are diffused, of various sizes and some- 
what translucent ; and the lithates are usually coloured. 
The united granules are found in precipitated proteine com- 
pounds, disaggregated pus-globules and mucus ; in the 
latter they are" closely and evenly crowded; in the disag- 
gregated pus-globules they are combined into small com- 
pound globules. But the microscopic appearance of these 
substances is not characteristic. The crystalline substances 
are readily distinguished by their peculiar forms ; all such 
as are found in animal fluids are figured in the four Plates. 
Those most commonly occurring are the ammonio-magne- 
sian phosphate, cholesterine, uric acid and oxalate of lime ; 
they are readily recognised with the microscope. The 
spherical globules are generally composed of fatty matter. 
The third kind is generally composed of minute cells, which 
are spherical and granular on the surface in those from pus, 
mucus, chyle and lymph ; they yield nuclei when treated 
with acetic acid, especially those from lymph and pus, and 
the differences between them are very slight and inconstant. 
When from the blood, they are characterized as at p. 105 ; 
when composed of epithelium, they are large, oblong and 
irregular, the surfaces being more finely granular ; they 
also contain a single large nucleus, which with the cell-wall 
is insoluble in acetic acid. In some fluids we find fibres of 
fibrine or mucus, infusoria and ferment-plants. 

117. The next point is the separation of the solid from 
the fluid parts. This may be frequently accomplished by 
placing the fluid aside in a tall glass vessel, and at the end 
of some hours decanting the upper portions. Filtration is 
the most perfect method, when it can be effected ; in many 
it cannot. If this be the case, dilution of the fluid with 
water will sometimes enable us to succeed ; at others, the 
admixture of saline solutions, as those of sulphate of soda 
or chloride of sodium (p. 124.) It is best to filter first 
through linen or coarse paper, subsequently using finer. 

118. When the clear fluid is separated, its acidity or al- 
kalinity should be noticed. This is readily effected (p. 59.) 
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The amount of free acid may be ascertained by carefully 
neutralizing a weighed portion of the fluid with a dilute 
solution of ammonia or carbonate of soda, the exact strength 
of which is previously known. It may be added from a 
graduated tube, agitating the mixture each time until it is 
just commencing to react as an alkali upon the test-paper. 
Thus the quantity of the solution used and its strength being 
known, the amount of the acid saturated is easily found. 
The amount of alkali is ascertained in exactly the same 
manner, substituting a dilute acid of known strength for the 
alkaline solution. The acid reaction is generally derived 
from either acetic, lactic or butyric acids, or from acid salts, 
as superphosphates. The alkaline reaction generally arises 
from either carbonate of soda or carbonate of ammonia. 
The method of recognising these acids and bases have been 
described in their respective places. 

119. The next stage is the qualitative analysis of the fluid. 
The ordinary substances which occur are the following:— 

f Caseine. 

1. Proteine compounds t »!u lne * , ^ i- 

r ] Albumen, globuline. 

[ Oxides of proteine. 
( Acid : — Oleic, margaric, stearic. 

2. Fatty matters 1 Neutral : — Oleine, margarine, stearine, buty- 

( rine, cholesterine and glycerine. 

3. Sugar: — Lactic diabetic. 

4. Bilic acid, or the products of its decomposition. 

5. Urea, allantoin. 

6. Colouring matters : — Haematine, cholepyrrhine. 

(Organic: — Acetic, lactic, butyric, hippuric, uric, 

7. Acids < benzoic. 

( Inorganic : — Sulphuric, phosphoric, muriatic. 
C Volatile: — Ammonia. 

8. Bases < Fixed : — Soda, potash, lime, magnesia, oxide of 

( iron. 

120. If any semi-solid matter is present as a deposit, if it 
is firm and rendered more transparent by acetic acid, it is 
fibrine ; if it is rather coagulated by the acid, rendered 
softer, and exhibits under the microscope mucus-corpuscles 
and epithelial scales, it is mucus. 
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121. A small quantity of the fluid is next heated to the 
boiling-point. If it is now found acid, and no precipitate 
falls, no albumen is probably present ; if it is acid, and a 
precipitate does fall, albumen is present. If it is neutral or 
slightly alkaline, a very small quantity of a dilute acid 
should be added, so as to neutralize it exactly ; if no precipi- 
tate falls, no albumen is present. If a precipitate has 
formed, it should be allowed to subside ; if it is red or red- 
dish-brown, and the liquid is almost decolorized, albumine 
and haematine are present. 

122. Acetic acid is then added, either to another portion 
of the fluid, or to that poured off from the deposit ; if a pre- 
cipitate fall, caseine is probably present. The suspicion is 
confirmed by the precipitate being soluble in excess of the 
acid, and its being amorphous. If it is not soluble in acetic 
acid, that modification of tritoxide of proteine called pyine 
is present. 

123. If, after the ebullition of the fluid and separation of 
the albumen, alcohol cause a precipitate, one of the oxides 
of proteine is present ; if the precipitate be soluble in the 
dilute mineral and acetic acids, and the solution be precipi- 
tated by ferrocyanide of potassium, it is the binoxide ; if 
not, the tritoxide. 

124. If allantoin, uric or hippuric acids be suspected to 
exist in the fluid, a portion should be boiled, filtered and 
evaporated to one-fourth ; if allantoin be present, it crystal- 
lizes (Plate IV. fig. 28.) It is soluble with difficulty in cold 
water, and also in alcohol. Another portion is treated with 
a drop or two of muriatic acid, and gently evaporated. If 
long prisms separate, hippuric acid is probably present ; if 
minute rhombs subside, lithic acid is present. If the crys* 
tals are thin and very insoluble in water, they are probably 
composed of benzoic acid. Each precipitate must be tested 
as regards the reactions for these acids (Part I. pp. 26 and 
42, and Part II. 87.) 

125. If, on the addition of nitric or muriatic acid to the 
fluid, a green precipitate falls, or the fluid acquires a green 
tinge, or passes through the series of tints (p. 140,) the 
colouring matter of the bile is present. 

126. Bilic acid, or the proper biliary matter, may be de- 
tected as at p. 122. 
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127. After evaporating a portion of the fluid to dryness 
and exhausting it with sether, the residue of the evaporation 
of the sether may be tested as at pp. 74 and 83, to separate 
the fatty matters. 

128. Urea may be detected as at p. 123. Sugar is de- 
tected either by Trommer's test or fermentation, and the 
presence of the torula. 

129. The inorganic constituents may be best detected as 
at Part I. p. 28, and estimated as in the analysis of the 
serum of the blood (p. 118.) 



APPENDIX. 



1. It has been recently found that Becquerel's table for 
ascertaining the amount of solids in urine gives too low an 
estimate. Dr. Christison has proposed a more accurate 
proportion, which is found by multiplying the difference 
between the specific gravity of the urine and 1000 by 2-33; 
the result gives the amount of solids in 1000 grs. Inasmuch 
as these tables are only intended to afford a ready means of 
roughly estimating the amount of solids passed per diem> 
they sufficiently answer the purpose; but the experimenter 
will frequently find, on testing them by evaporating the 
urine to dryness, and thus directly estimating the solid 
residue, that his results will at one time agree with one 
table, at another with a different one ; this arises from the 
facility with which some of the constituents of the urine are 
decomposed, especially the urea. 

2. Scherer has recently examined the extractives and 
colouring matter of the urine. He considers that what has 
hitherto been considered the extractive of the urine is a 
peculiar substance, which is analogous to the animal colour- 
ing matters. He finds that its elementary composition 
varies. It may be precipitated by various chemical sub- 
stances, especially acids and both acetates of lead ; but its 
composition varies in the urine of different individuals. 
He found its composition thus :— C 58-43, H 5-16, N 8-83,. 
27-58. It was obtained by first treating the urine with 
nitrate of baryta, and then with the neutral and basic ace- 
tates of lead. The precipitate was washed, warmed with 
muriatic acid and alcohol, filtered when cold, then evapo- 
rated and washed with water. When dissolved in water 
with a little potash, and then treated with nitric acid, it 
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yields the alterations in colour which are characteristic of 
the biliary colouring matter. 

3. The composition of urea per cent, is as follows: — 
C 20-02, H 6-71, N 46-73, 26-54. An excellent process 
for estimating the quantity of urea is this: — A weighed 
quantity of urine (90-100 grs.) is treated with basic acetate 
of lead until it ceases to yield any further precipitate ; the 
mixture is set aside, filtered, and sulphuretted hydrogen 
passed through the solution to separate any excess of lead; 
the fluid is evaporated, mixed with sulphuric acid in the 
proportion of about half the weight of the urine used; the 
mixture is then heated over a spirit-lamp or sand-bath at a 
heat of about 380° until the evolution of carbonic acid 
commences, the vessel is then covered and the heat con- 
tinued until the evolution of carbonic acid ceases, the tem- 
perature beingkept below 572°. The carbonaceous residue 
is then mixed with water, the solution filtered, and evapo- 
rated until almost all the water has passed off'. A small 
quantity of muriatic acid is then added to the residue, and 
a sufficient quantity of chloride of platinum mixed with al- 
cohol and sether, to render the solution of a yellow colour. 
The whole is set aside, the precipitate separated by filtra- 
tion, washed with alcohol and a little sether, dried and 
heated to redness ; the residue is then treated with boiling 
dilute muriatic acid, the solution filtered, the pure platinum 
then dried and heated to redness. This amount of platinum 
corresponds to the ammonio-chloride of platinum formed 
from the ammonia salts present in the urine, with that formed 
from the decomposition of the urea; and the potassio-chlo- 
ride of platinum formed from the decomposition of the pot- 
ash salts in the urine. The amount of platinum correspond- 
ing to the ammonia and potash salts existing in another 
portion of the same urine must be estimated by a separate 
experiment and deducted from the above total quantity; it 
is variable. M. Heintz found it between 0-1 and 1*16 per 
cent. The same chemist found that the extractives of the 
urine yielded as much ammonia as would correspond to 
0-018 per cent, of urea ; this quantity is however so small, 
that it may be overlooked. 100 parts of ammonio-chloride 
of platinum are equal to 13-4498 of urea ; also, 100 parts ot 
pure platinum are equal to 30-401 of urea. 
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4. The occurrence of lactic acid in the urine has been 
carefully examined by numerous observers ; they agree in 
the conclusion that it does not happen. A peculiar sub- 
stance has been shown to exist in this fluid, which in some 
of its properties resembles lactic acid ; especially in forming 
a crystalline compound with oxide of zinc, which assumes 
the form of four-sided prisms ; these are however terminated 
by oblique terminal surfaces, and the substance contains a 
large quantity of nitrogen. It is most probable that this 
compound has been mistaken for the lactate of zinc. 

5. Liebig has shown that hippuric acid is a constant in- 
gredient in urine. It is best separated by evaporating the 
fluid until most of the salts are deposited, adding strong al- 
cohol and applying heat. The clear solution is then to be 
poured off, evaporated nearly to dryness, the residue redis- 
solved in hot water, the urea decomposed by passing a cur- 
rent of chlorine through the solution, a small quantity of 
muriatic acid added, and the mixture concentrated by gentle 
evaporation. The hippuric acid then crystallizes. 

6. The composition of cystic oxide per cent, is — C 30-01, 
H5-10, N 11-60, 28-38, S 25-51. 

7. The composition of diabetic sugar per cent, is — 
C 40-156, H 6-705, 53-139. 

8. Of xanthic oxide,— C 39-28, H 2-95, N 36-35, 
21-42. 

9. Of uric acid,— C 36-083, H 2-441, N 33-361, 28-126. 

10. Simon has pointed out the existence of some curious 
minute bodies in the urine under certain circumstances. 
They form cylindrical sacs, having distinct walls, and are 
of such a diameter as to permit mucus-corpuscles to move 
freely within them, and are either completely or partially 
filled with a granular matter; also elongated masses, having 
the form of these cylinders, but without any distinct parietes, 
and evidently the contents of the cylinders. They are 
probably composed of a fibrinous exudation from the walls 
of the urinary tubules. They are well seen with a power of 
300, or even less, and are found in cases where the urine is 
albuminous, or in cases of irritation of the kidneys, in which 
this occurs at a subsequent period. 

11. By filtering the saliva and treating it with 5-6 times 
its weight of absolute alcohol, M. Mialhe has obtained a 
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remarkable substance, which closely resembles diastase, 
and which he believes to be identical with it. It exerts 
exactly the same action upon starch as vegetable diastase. 
It is precipitated by the alcohol, and should be collected on 
a filter, and whilst still moist should be placed upon a plate 
of glass, and dried in a current of air at 104°-122°F. 
Nothing is known of its composition. Is it an oxide of 
proteine ? 

12. The amount of sulphocyanic acid in the saliva is 
best estimated by evaporating a weighed portion of the 
saliva to dryness, exhausting the residue with alcohol, 
evaporating the alcoholic solution, dissolving the remainder 
in water, raising the solution to the boiling-point, and then 
adding a mixture of chlorate of potash and muriatic acid. 
The sulphur is thus oxidized, and the sulphuric acid formed 
is precipitated by a soluble salt of baryta. 100 parts of 
sulphate of baryta correspond to 25-11 of sulphocyanogen, 
or 41-91 sulphocyanide of potassium.* 

13. In preserving microscopic objects, perhaps the best 
substance for cementing the thin glass to the slide is black 
Japan varnish ; although, provided the walls of the cell be 
made on the slide, and allowed to dry thoroughly before 
the thin glass is applied, the kind of cement is not of great 
consequence. 

14. The mode of drying substances in a water-bath is 
well known. The substance, placed in a crucible, should 
be kept in the bath until the total weight ceases to diminish. 

15. It is also perhaps unnecessary to state, that previous 
to pouring a liquid upon a filter, the filter should be mois- 
tened with either water, alcohol or aether, according to the 
nature of the fluid to be separated from the precipitate. In 
washing precipitates, the process should be continued until 
a drop of the liquid from the beak of the funnel leaves no, or 
an inappreciable amount of residue on evaporation. 

16. A few filters, which have been perfectly dried at 
212°, should be kept, so as to be at hand when precipitates 
which must be dried at 212° are required ; after the drying 
of the filter and. the precipitate together, by deducting the 
weight of the former from the total weight, that of the pre- 
cipitate is left. 

* Pettenkofer. 
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DESCRIPTION OF PLATE III. 



Fig. 1. Margarine from human fat. a and b, minute branched 
needles ; c, tufts composed of needles more rapidly 
formed; </, drops of oleine. 150 diameters. 

2. Stearine. It is rarely found to exhibit any distinctly 

crystalline form ; that figured however sometimes 
occurs. 

3. Also margarine, more highly magnified, a, tufts com- 

posed of ramified needles; b, the same, more highly 
magnified. 

4. Sebacic acid, a, prismatic form ; /;, thin plates ; 

c, minute tufts ; d, the same, more highly magnified. 
These forms are found in the acid crystallized for the 
first time from a hot aqueous solution of the products 
of distillation of a fat containing oleine; e, the same, 
recrystallized and pure, exceedingly thin elongated 
laminfe. 

5. Margaric acid. 150 diameters. These crystals some- 

what resemble those of margarine. 
0. Stearic acid. 150 diameters. 

7. Oleine. 

8. Cholesterine. Thin rhomboidal plates, the angles oc- 

casionally truncated. 

9. Muriate of ammonia. The form a approaches very 

near the dagger-shaped crystal of chloride of sodium 
and urea. 

10. Lactate of zinc. 

11. Acetate of zinc. These are very thin plates. 

12. Carbonate of lime. See p. 100, note. 

13. Ammonio-phosphate of soda from urine by evaporation. 

After Simon. 
12 
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DESCRIPTION OF PLATE IV. 

Fig. 14. Blood, a and b, coloured corpuscles ; a, as ordinarily 
seen; b, lateral view, when turning over; c, colour- 
less corpuscles; d, after treatment with acetic acid, 
exhibiting nuclei. 

15. Blood during coagulation; the coloured corpuscles 

forming areolar spaces by the adhesion of their plane 
surfaces, the colourless corpuscles remaining distinct. 

16. Blood before coagulation commences. Seen with a 

much lower power than in 14. 

17. Oxalate of soda, a, dumb-bell form;' b, prisms; 

r, tufts. 

18. Epithelial scales and mucous corpuscles. 

19. Mucus (nasal.) a, epithelium ; b, mucous corpuscles ; 

c, granular matter; </, fibrous appearance. Less 
highly magnified than in the last figure. 

20. Nitrate of urea, crystallized from blood in Bright's 

disease. 

21. Nitrate of soda, from an aqueous solution of the alco- 

holic extract of blood. 

22. Tartrate of lime. 

23. Milk-sugar, a, tufts (after Vogel;) b, prisms. 

24. Benzoic acid, a, by sublimation ; b, by crystallization. 

From cow's urine. 

25. Corpuscles of pus. a, ordinary; b, after the addition 

of acetic acid. 

26. Fatty globules from the colostrum, somewhat resembling 

the globular masses in sour milk. 

27. Bitartrate of potash. 

28. Allantoin. 

29. Semen, containing crystals of phosphate of lime. 
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*** The figures to which the Roman character is affixed refer to Tart I. 



Acetic acid, properties of, f'5: distinction 
from lactic acid, 80; quantitative Ana- 
lysis. 86 

Acroleine, 82 

Albumen, in urine, fallacies in detecting, 
i. 3?; of fluid, 62; coagulated, 63; cause 
of its solution, 63; compounds of, with 
acids, 03; compounds of, with alkalies, 
63; to obtain, 63; distinction of. frntu 
fibrine, 65 

Allantoic fluid, 158 

Allantoin, 158 

Alumina, properties of, 90; separation 
from phosphates, 96 

Ammonia, detection of, i. 31, note; pro- 
perties of, 94; quantitative estimation 
of, 94 

Ammoniacal salts in urine, i. 31 

Amniotic fluid, 158 

Analysis of blood, 114 

Andral and Gavarret's process for ana- 
lysing blood, 144 

Antimoniate and antimonite of potash, 
tests for soda, i. 30, note 

Arterial blood, characters of, 113 

Atomic weights, to determine, 102 

lie lie acid, properties of, b"! 

lieiielius, process for the analysis of 
blood, 115 

Bile in urine, i. 37; in blood, 122; pro- 
perties of, 137; crystallized, 13d; quan- 
titative analysis of, 145 

, colouring matters and properties 

of, 140 

12* 



Biliary calculi, 140 

Biliary sugar, 13? 

Bilic acid. 137; in blood, presence of, 122; 
detection of, 145 

Biline, 13-, 141 

Bilifellinic acid, 142 

Bilifulvic acid, 141 

Bilifulvine, 140 

I'.iliverdine, 140 

Bmoxide of proteine, 01; in the bully 
coat, 126 

Blood, in urine, i. 37: general properties 
of, 101; coagulation of, 104; corpuscles 
of, 105; microscopic characters of, 105; 
extractives of, binoxide of proteine in, 
111; during coagulation, microscopic ap- 
pearance of. 111; cause of arterial and 
venous colour of, 112; arterial, distin- 
guishing characters of, 113; in health, 
composition of, 113, 119: menstrual, 
characters of, 113; portal, characters of, 
113; analysis of, 114; coagulated, analy- 
sis of, 110; analysis of, 119; constituents 
of, 113; ultimate analysis of, 120; fatty 
matter of, 121; biliary colouring matter 
in, 122; bilic acid in, 122; detection of 
urea in, 123; milky, 124; pus in, 125; 
buffy coat of, 126 

Brain, fluids from the serous membrane 
of, 161 

Buffy coat of blood, 126; ultimate analysis 
of, 120 

Butyric acid, 77 

Butyrine, 80 
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Calculi, urinary, i. 28, 33, 36, 44, 45, 48; 
salivary, 133; biliary, 146; intestinal, 

. 150 

Cappezuoli's test for sugar, 122 

Capric acid, 151 

Caproic acid, 151 

Capryllic acid. 152 

Carbonates, alkaline, in tlie blood, 110 

Carbonate of lime in urine, i. 44 

Carbonic acid, detection of, 92 

Caseine, general properties of, 66; diffe- 
rence between thai of human and that 
of animals, 67 

Cerumen, 156 

Chloride of sodium, crystalline forms of, 
i. 29 

Choleic acid, 144 

Cholepyrrhine, 140 

Choleslerine, 81 

t'holesteric acid, 81 

Cholic acid, 144 

Cholinic acid, 143 

Choloidic acid, 114 

Chondrinc, 70; distinction between gela- 
tine and, 71 

Chvle, properties of 127; composition of, 
128; molecular base of, 123 

Chylous urine, i. 4<) 

Coagulated blood, analysis of, 116 

Coagulation of the blood, 104; microscopy 
of, 1 1 1 

Colour, arterial, of blood, cause of, 112 

, venous, of blood, cause of, 112 

Colouring matter of the bile in blood, 
122 

matters, vegetable, in urine, i. 

41 

Colostrum, 155 

Concretions in the heart, composition of, 
127 

Copper, detection of, 97; occurrence of, in 
biliary calculi, 147 

Corpuscles, of the blood, properties and 
composition of, 109; of the chyle, 128; of 
milk, 154; of pus, 163; of mucus, 160 

Cyanourine, i. 41 

Cystic oxide, in urine, i. 45; calculi, i. 45 



Diabetic susar, : 
Dyslysine, 143 
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Elaic acid. See Oleic acid. 

Rlaine. See Oleine. 

Eiythroprolide, 62 

Evaporations, method of performing, i. 

16 
Excrement, 147 
Extractive matters, 72 



Faeces, 147 

Fatty acids, 74 

fatty mailers, 73; in urine, i. 40; general 
properties of, 74; products of destructive 
distillation of, 74; separation of, 74; to 
obtain the fusing-points of, 74; analysis 
of, 83 



Fellinic acid, 142 

Fibrine fluid, 64; solid, 64; distinction of. 

from albumen, 65; of blood, 106; fatly 

matter of, 120 
Fibrinous calculi, i. 49 
Figuier's process for analysing blood, 115 
Fluorine, determination of, 92 
Formic acid, properties of, 87 
Freezing mixture, method of making, i. 

16 
Fusins-points of fatty matlers, table of, 

74; method of ascertaining, 7". 

Gastric juice, properties of, 133 

Gelatine, 69; sugar of, 69; action of alka- 
lies upon, 70; action of nitricacid upon, 
71; distinction from chondrine. 72 

of elastic tissues, 71; distinction 

from gelatine, chondrine, &c, 72 

Gelatinous compounds, 69 

Globuline, chemical and microscopical 
characters of, 64; of blood, lOvi 

Glycerine, 81; products of, on destructive 
distillation, 82; to obtain, 83 

Glycicolle, 70 

Haemapheine, 110 

HEmatine, properties of, 107, and compo. 
sition of. 107; condition of the iron in, 
107; method of obtaining, 10c; propor- 
tion of iron in, 107 

Hair, 68 

Heart, concretions in, composition of, 
127 

Hippuric acid, in urine, i. 42; distinction 
from benzoic acid, i. 43 

Hydrocele, fluids of, 162 

Hydro, nic acid, detection of, 86 

Hydrofluoric acid, detection and estima- 
tion, of 92 

Incineration of animal matters, how best 
performed, i. 16, ii. 118 

Indigo, detection of, in urine, i. 40 

Intestinal fluid. 136 

Iodine in the urine, i. 42 

Iron, oxide, detection of, 96 

.quantitative determination. 90; sepa- 
ration from the earthy phosphates, 96 

Keratine 67 
Kiestein, i. 50 
Rreatine, 73 

Lactic acid, properties and composition 
of. i. 31, ii. 84; detection of, i. 32, ii. 8.': 
distinction from acetic acid, 85 

Lactates in urine, i. 31, Appendix, 4 

Lead, detection of, 97 

Leucine, 70 

Lime, detection and estimation of, 95; 
separation of, from magnesia, 9i'; basic 
phosphate of, 98; neutral phosphate of, 
phosphates of, 98 

Liquor sanguinis, 104 

Lithate of ammonia, occurrence of. in the 
mine of health, i. 20; in disease, i. 32: 
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chemical and microscopical characters 
of, i. 33; calculi of, i. 33 

Lithate of soda and lime. i. 3-1 

Lithic acid, chemical and microscopical 
properties of, i. 26; state of, in urine, i. 
26; action of polarized light upon, i. 2?; 
calculi, i. 28 

Logarithms, use of, in analytical calcula- 
tions, 103 

Ludwig on the extractives of the blood, 72 

Lymph, composition and properties of, 129 

— globules in blood, 105 

Magnesia, properties of, 95; separation of, 
from lime, 95; phosphates of, 95. 90 

and lime, separation of the phos- 
phates of, i. 3 i 

Manganese, oxide of, detection of, 97 

Margaric acid, 75 

Margarine. 79 

Melanic acid, i. 41 

Menstrual blood, characters of, 113 

Mercurv in the urine, i. 42 

Milk, 150; in urine, i. 4-; sugar of, 152; 
constituents of, J53; analysis of. 154; 
composition of, 154; microscopical cha- 
racters of, 454 

Milky blood, 124 

Molecular bass of the chyle, 129; in blood, 
IOC 

Mucus, 159; vesical, i. 16; biliary, 160; in- 
testinal, 14H; nasal, 159; in disease, 159 

Muriatic acid, detection of, i. 29, ii. 89; 
separation from muriate of ammonia, 90 

\eutral fats, 78 

Nitric acid in urine, i. 42 

Odoriferous substances occurring in urine, 

41 
Oil, globules of, in blood, 100 
Oleic acid, 76 
Oleine, 80 

Oleo-albuminous urine, i. 39 
Ovarian fluids, 161 
Oxalate of lime, calculi, i. 44 

, in urine. 43 

Oxalic acid, properties of, 88; in urine, i. 

43 
Oxalunc acid, properties of, 88 

Pancreatic fluid, 136 

1'epsine, 135 

Peritonaeum, fluids secreted hy, 162 

Perspiration, 157 

Phosphates, earthy, existing in urine, i- 31; 
distinction from albumen, i. 36; calculi 
composed of, i 36; analysis of, 96; com- 
position of. 98 

Phosphate of lime in urine, chemical and 
microscopical characters of, i. 35; sepa- 
ration from phosphate of magnesia, i. 30, 
ii. 95. 

Phosphates of magnesia, 99 

Phosphate of silver, composition of, i. 31 

Phosphoglyceric acid, 78 

Phosphoric acid, in urine, i. 2?; properties 
of, 91: estimation of, 91 



Phosphorized fat, existence of, in blood, 
108 

Phosphorus, detection of, 90; estimation 
of, 90 

Picromel, 141 

Platinum, ammonio-chloride of, test for 
potash, i. 30 

Pleurae, fluids secreted by, 163 

Polarized light, action of, upon healthy 
urine, i. ID. 

Portal blood, characters of. 313 

Potash, detection r>(, i. 29, ii. 93; quantita 
tive separation from soda, 93 

Potash, bitnrtrate of, i. 30 

Proleine, chemical and microscopical pro- 
perties of, 59; compounds, 59; binoxide 
of, 61; composition of, 60; tritoxide of, 
61; compounds of metallic oxides with, 
62 

Proteochlorous acid, 62 

Protide, 62 

Prussian blue in urine, i. 40 

Ptyaline, 131 

Pus, 163; in urine, i. 45; in blood, 125 

Pyine, 163 

Quinine in the urine, i. 42 

Saliva, pro[>erties and composition of, 130 

Salts, decomposition of, in passing through 
the system, i. 41 

Sebacic acid, 78 

Semen, 155; in urine, i. 40 

Seroline, properties of, 108 

Serous membranes, secretions of, 161 

Serum of blood, properties of. 110; analysis 
of, 118; composition of, 121 

Silica, in urine, i. 28; properties of, 92 

Simon's process for the analysis of blood, 
117 

Soaps, preparation of, 83; properties of, 83 

Soda, detection of, i. 30 

Spermatine, 156 

Spermatozoa, detection of, 156 

Stearic acid, 75 

Stearine, 78 

Subsulphate of proteine, 61 

Sugar, in urine, i. 46; in blood, 121; detec- 
tion of, 122 

Sugar of milk, 152; of urine, i. 46 

Sufphocyanogen, occurrence of, in the 
saliva, 131; Appendix; quantitative ana- 
lysis of, Appendix 

Sulphoglycerale of lime, 82 

Sulphoglyceric acid, 82 

Sulpho-proteic acid, 61 

Sulphur, detection of, 88; quantitative 
separation of, >-9 

Table, of salts, 101; of fusing-points of 
fats, 74; of fusing-points of mixtures of 
margaricand oleic acids, 76, of composi- 
tion of solids in urine, i. 18, and Ap- 
pendix 

Tartaric acid, properties of, 83 

Tartar of the teeth, composition of, 133 

Taurine, 143 

Tears, 156 
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Tests, purity of, i. 15 
Titanic acid, detection of, 98 
Torula in urine, i. 4fi 
Triple phosphate, chemical and micro- 
scopical characters of, i. 35 
Tritoxide of proteine in the buffy coat, 126 
Trommer's test for sugar, 122 
Tubercles, 161 

I'rea, formation of, in the body, i. 22; 
chemical and microscopical characters, 
i. 22; artificial preparation of, i. 23; 
state of its existence in urine, i. 23; de- 
tection of excess of, i. 23; nitrate of, 
composition of, i. 24; in diabetic urine, 
to estimate, i. 25; interference of, with 
Hi" form of the crystals of chloride of 
sodium, i. 25; in albuminous urine, to 
estimate, i. 25, oxalate of, i. 25; occur- 
rence and detection of, in blood, 123; 
composition of, percent., Jlppcndix 

Urate of ammonia, i. 34 

1 'ri<- acid, i 26; calculi of, i. 88 



Urina ciiyli.'i. 18; potus, i. 18; sanguinis, 
i. 18 

Urinary deposit, method of examining mi- 
croscopically, i. 11; method of preserving 
i. 18 

Urine, specific gravity of, i. 1H, Appendix; 
acidity of, i. II, 13; general process for 
the analysis of, i. 13; estimation of albu- 
men in, i. 15; quantity of, i. 17; odour 
of, i. 18; colouring matter of, i. 19; and 
Appendix; solids contained in, i. 18, 
Appendix; mucus of the, in health, i. 19; 
fixed salts of, i. 28; separation of alka- 
line salts in, i. 28; phosphoric acid in, 
estimation, i. 29; phenomena of, on 
spontaneous decomposition, i. 49; of 
pregnancy, i. 49 

Vaccinic acid, 132 

Xanthic oxide in urine, i 48 
Xantho-proteic acic 1 
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PREFACE TO THE FIRST EDITION. 



The increased desire for a more intimate acquaintance 
with animal chemistry, which has lately been evinced by 
the medical profession, induces me to present this little 
work to public notice. 

The more philosophical methods of investigation at 
present adopted to ascertain the diseased conditions of the 
living system have forced a new branch of inquiry upon the 
attention of the student ; while the further advanced labours 
in the medical profession feel the necessity of informing 
themselves on a subject which becomes important (to them 
at least) were it only as a shield against the exposure 
which mindit occur from the more perfect knowledge of a 
rising generation. 

It has been my object in this work, to exhibit a concise 
view of those plans of analysis which may be performed 
simply, usefully, and at a small expense ; requiring for 
their execution care and patience rather than skill and per- 
fection in manipulation. 
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I have avoided as much as possible those formal methods 
of description which have frequently disheartened the be- 
ginner from even reading a process, much more putting it 
to practice. If any such feeling be entertained by my 
readers, let me assure them that it is the reading, and 
reading only, that perplexes them ; and that when once 
they have commenced the practice of the process, all con- 
fusion will pass away, and the facts become clearly and 
firmly impressed upon their minds. 

If the study of this volume should in any way tend to 
increase the number of those who occupy their leisure hours 
with the study of animal analysis, as applied to disease, I 
shall be more than repaid for my slight labours ; for I shall 
feel that I have assisted in directing attention to a subject 
which, in all probability, is no less rich in discovery than 
it is neglected and uninvestigated by the great body of the 
medical profession. 



PREFACE TO THE SECOND EDITION. 



This second edition is constructed on the plan of the first, 
with the addition of an essay on the treatment of urinary 
diseases. Considerable alterations have been rendered ne- 
cessary by the advances made in animal chemistry since 
the first edition was published ; but I have avoided, as 
much as possible, entering into scientific details as foreign 
to the purpose of the work, which must not be regarded as 
an elaborated treatise on the blood and urine in all their re- 
lations, but simply as a work on proximate animal analysis. 
Substances of rare occurrence in the blood and urine in 
disease, or which exist as mere traces, and are not well ex- 
amined or ascertained in the healthy fluids, are here only 
slightly noticed ; and, for information of a more extended 
kind, the reader is referred to the works of Berzelius, 
Lecanu, Denis, Becquerel, and Simon. From the latter 
auther I have made extracts in the Appendix relating to the 
analysis of the blood. 

My object has been throughout simply to supply to the 
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medical practitioner the means of analysing blood and 
urine, and thus to assist him to comprehend and appreciate 
with more defined ideas the experiments of those animal 
chemists whose results may have reference to the important 
subject of humoral pathology. 

I have added a microscopical description, and drawings, 
to that part of the work treating of urinary deposits. 
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DESCRIPTION OF MICROSCOPICAL FIGURES 
REPRESENTED ON THE PLATE. 



1. Monobasic ammoniaco-magnesian phosphate in prismatic crys- 

tals; the forms derived from the right rectangular prism, ob- 
served generally in neutral or slightly acid urine, sometimes 
also in slightly alkaline urine. 

2. Bi-basic ammoniaco-magnesian phosphate, formed in specimens 

of urine which are strongty alkaline. 

3. Lithic acid in various forms, prismatic, rhomboidal, and 

lozenge-shaped. 

i. Lithate of magnesia in prismatic crystals. When occurring in 
groups or tufts this is often mistaken for lithate of lime, but 
may be distinguished by the crystals being truncated, while 
those of lithate of lime have an acicular form. 

"). Lithates of ammonia and other bases. 

o. Lithate of lime in tufts and acicular crystals. 

7. Cystine in hexagonal plates. 

8. Hippuric acid in four-sided prisms. 

9. Oxalate of lime in octahedral crystals and other forms.* 

10. Pus corpuscles. 

11. Epithelium. 

12. Mucous corpuscles, with tubes of albuminous matter; first de- 

scribed by Simon as existing in albuminous urine. 

13. Milk corpuscles. 

11. Seminal animalculae, occasionally observed in the urine, some- 
times in connection with traces of albumen. 

15. Torulae, observed in diabetic urine during fermentation. 

16. Blood corpuscles. The largest and lined figure represents one 

of the fibrinous corpuscles as seen in the blood. The red 
corpuscles are represented thicker than when viewed floating 
in liquor sanguinis, having undergone endosmodic change by 
contact with the urine. 

* As described by Dr. Bird. 
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INTRODUCTION 



Before I enter on the description of processes, I feel it 
necessary to offer a few observations on the cautions to be ob- 
served in the more important steps of manipulation, it may 
also be proper to describe the uses of one or two contrivances 
to which analytical chemistry is pre-eminently indebted, and 
without which it is difficult to conceive how any degree of per- 
fection could have been attained in the prosecution of analysis. 
I shall proceed at once, therefore, to a description of the follow- 
ing operations, viz. Evaporation, Filtration, and Incineration ; 
concluding with a few observations on the precautions which 
are necessary in weighing fluids and solids. 

Evaporation. This may be performed at different degrees 
of heat ; and the greatest care should be taken to choose a sui- 
table temperature. Thus, if urine be experimented upon, it is 
impossible to use a continued heat of 212° Fahrenheit, without 
risking the loss of a portion, at least, of the urea, which is one 
of its most important constituents. When the serum of blood 
is experimented upon, a heat of 212° is absolutely necessary, 
for the purpose of rendering the albumen entirely insoluble in 
boiling water ; indeed, it has been stated, that a heat of 225° 
is necessary for that purpose ; but this is not the fact, as will 
be found on experiment, particularly if the serum be thoroughly 
dried, and then treated, while warm, with water at 212°. 

Filtration. — Considerable care is requisite in performing 
this operation ; fine white bibulous paper should be used, and 
the filter washed with distilled water before it is applied to the 
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purposes of analysis. After the fluid we are operating upon 
may have passed through the filter, it often becomes necessary 
to perform many ablutions of the filter, in order to wash out 
from the paper all the fluid for analysis : these washings, are 
of course, to be added to the first-filtered liquor, and evapo- 
rated with it in continuing the examination. When pouring 
from any vessel into a filter, the lip of such vessel should be 
kept perfectly dry, otherwise the fluid may, after passing the 
lip, run backwards to the bottom of the vessel, and thus be 
lost. Another excellent method of avoiding this evil, consists 
in applying the side of a glass rod, moistened with distilled 
water, to the lip of the vessel, and pointing it upon the filter. 
These may seem trifling circumstances to dilate upon, but per- 
sons who are accustomed to manipulation are well aware of 
the value of such remarks to the uninitiated. 

Incineration. — Constant attention is necessary in this pro- 
cess, and much tact requisite in placing the crucible in proper 
positions in order to expedite the dissipation of the carbonace- 
ous matter. The crucible should be somewhat shallow, and 
of the form of a dish or flat capsule. It should be placed on 
the top of the flame of the circular-wicked spirit lamp, and 
with a slight inclination towards one side : this position favours 
the constant fresh access of air, and assists in dissipating the 
carbon. The crucible should, of course, be opened immediately 
that the animal matter is charred ; but a loose cover ought to 
be placed upon it before the salts begin to fuse (as sometimes 
happens,) in order to prevent the loss which may take place by 
decrepitation. 

The crucible is to be managed by a small pair of forceps 
with scissor handles, similar to the dressing-forceps used by 
surgeons. 

Weighing. — There is, perhaps, no operation in chemistry 
which demands so much attention as that of weighing : for the 
substances to be weighed are frequently of a destructive nature, 
and the balance is more easily injured than any other of the 
requisites of a laboratory. In weighing animal matters, both 
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solid and fluid, there is continual danger of moistening the 
balance-dishes, and thus interfering with the accuracy of the 
result. 

To the student in animal chemistry, I would advise the use 
of a balance, capable of turning to one-fiftieth of a grain. This 
should be mounted in a balance lantern, and kept in a dry 
room. Accuracy is greatly ensured by the habit of weighing 
by counterpoise, which is by balancing the substance to be 
weighed, with dry powdered sand (or any other convenient 
powder) ; and then, on removing this substance, whose weight 
is to be ascertained and counterpoising the sand in the balance 
with the weights, the most accurate result is obtained; for the 
number of grains, or parts of a grain required, must be identical 
in weight with the substance removed, before they can pro- 
duce the same effect, of precisely balancing the sand. By this 
method all that is wanted in the balance is a suitable degree of 
delicacy. The necessity for an equality of length in the scale- 
arms (which is very difficult to procure) is thus obviated, though 
it is absolutely necessary to the perfect determination of weight 
by the common method. 

The weight of fluids for analysis may be taken by two 
methods, viz. by balancing them in a bottle the weight of which 
has been previously ascertained ; or by weighing the vessel 
and fluid together, and then noting the diminution of weight 
which occurs, when the fluid for analysis is poured out. The 
former method possesses the advantage of yielding a fixed 
quantity ; for we can pour into the weighed vessel exactly the 
weight of fluid we wish: but it is necessary always to wash 
out the weighing vessel with distilled water* after the weighed 
fluid is poured out, in order to remove the adherent portions 
in the bottle, which, of course, were taken into account when 
the weight was ascertained. By the second method we avoid 
the necessity of washing out the weighing bottle ; for the 

* These washings must, of course, be added to the fluid for ana- 
lysis, and evaporated with it in pursuing the analysis. 
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weight we note is just that of the fluid poured out : but then 
we lose the means of procuring any fixed quantity of fluid 
which we may desire. This, however, is no great disadvan- 
tage, since we can always calculate the proportional quantities 
in any number of parts we may choose. The former method 
may sometimes be adopted, the weighing being performed in a 
dtsh which may serve also for the evaporation, thus doing away 
with the necessity of removing the fluid from one vessel to 
another. The weight of solid animal matters should be taken 
in an accurately balanced watch-glass, placed upon a curl of 
paper, which prevents its slipping from the operator ; an in- 
convenience occasionally very distressing during manipulation, 
but which may be easily obviated by this simple expedient. 
Before quitting- this subject, I must urge upon the reader the 
propriety of noting with the greatest care the result of every 
weighing performed during an analysis. 

I shall now proceed to describe the contrivances adopted for 
procuring that degree of heat which may be requisite for the 
purposes we have in view, and shall notice some chemical im- 
plements eminently useful in the prosecution of animal analysis. 

IVaUr-bath. — This may be divided into two kinds, viz. the 
fresh and salt water-bath. The former is formed by floating a 
dish in water, which is kept at a boiling temperature by means 
of a lamp or any other steady source of heat. Fluids placed 
in this floating dish are kept at a temperature approaching that 
of boiling water ; that is, somewhat below 212° Fahrenheit. 
The salt water-bath is formed in the same manner, excepting 
that the evaporating dish is floated in a saturated solution of 
common salt instead of fresh sprino- water, bv which means we 
can procure a heat of 225° Fahrenheit. 

Steam-bath. — This may be divided also into two kinds, viz- 
the open and closed. The former is eminently useful in the 
examination of fluids suspected to contain easily destructible 
animal principles, and is the one which should always be used, 
if admissible, in preference to any other sort of bath. It is 
formed by placing a dish over the steam issuing from a vessel 
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in which water is kept at a boiling heat ; care being taken that 
the evaporating dish do not touch the vessel of water in any 
part, but be supported over it by means of* a small wooden rack. 
In this way Ave obtain a constant heat, which is far below that 
of boiling watei. The closed steam-bath differs from the open, 
in being formed by a dish which perfectly closes the vessel 
from which the steam is issuing. It affords a very variable 
heat, which frequently approaches 212° Fahrenheit. The 
fresh water-bath is generally to be preferred.* 

Circular-wicked Sjjirit Lamp. — This is a somewhat dan- 
gerous piece of apparatus in the hands of the beginner. Many 
of the lamps sold for the purpose of burning spirit, are so con- 
structed as to allow of the reservoir becoming heated and the 
spirit consequently boiling within so short a time after the wick 
has been lighted, that we cannot well obtain a sufficiently con- 
tinued heat for our purposes. From the experience I have 
had in the use of this instrument, I am inclined, on all occa- 
sions when the application of a long continued heat is neces- 
sary, to prefer an open fire to a lamp, even when of the best 
construction. 

When an open fire is used our platinum crucible must be 
placed within a larger one of clay. In this maimer we can 
very easily effect incineration and dissipate carbon from burned 
animal matters in the process of obtaining fixed salts, and our 
platinum vessel is kept perfectly clean, being protected from 
the fuel by the large clay crucible. 

In choosing a spirit lamp the great object should be to select 
that form which shows the least possible connection between 
the reservoir and the circular wick, and the connection existing 
should be formed as much as possible of glass or other badly 
conducting material. 

♦There is an excellent arrangement for the water or steam bath, 
made of brown earthenware, sold at the chemical apparatus 
warehouses. 
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I have now to make a few remarks on the necessity of em- 
ploying pure re-agents. Unless this be carefully attended to, 
we shall frequently find ourselves in most unpleasant difficul- 
ties. I would recommend that no one should use any of his 
solutions until he has tested their purity for himself. We fre- 
quently find that the distilled water of the shops becomes cloudy 
on the addition of a few drops of the solution of nitrate of silver 
(indicating the presence of a chloride ;) this ought not to be the 
case, and such water should be discarded as unfit for use. 

The ordinary hydrochloric acid of the shops always contains 
iron in solution, and is frequently admixed with sulphuric acid, 
as is also the case with the common nitric acid. 

These acids should never be used as re-agents in their 
officinal condition, but always procured (in their perfectly 
colourless form) from some well-known operative chemist. 

The sulphuric acid of the shops contains sulphate of lead in 
solution, which is easily detected by diluting the acid, when 
that substance becomes precipitated. Arsenic has likewise 
been detected in some specimens of this acid, which may be 
accounted for, by the fact, that a vast quantity of sulphuric acid 
is made with sulphur procured from arsenical pyrites. In 
several specimens of sulphuric acid lately examined, I detected 
arsenic in amount equal to from 20 to 30 grains in the pint. 
In some instances I detected the presence of selenium in small 
quantity. 

The officinal liquor potassae should never be used as a re- 
agent, for it frequently contains lime. 

Were 1 to proceed to show the reasons for avoiding the 
purchase of officinally prepared solutions, I should far exceed 
the intentions of this work ; I will, therefore, at once conclude, 
by earnestly entreating the beginner to exercise extreme caution 
in the selection of reagents. 

My reason for especially noticing the impurities of distilled 
water, the mineral acids, and the liquor potassae, is that these 
are the most likely to be purchased as officinally prepared. 
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I subjoin a list of chemicals, which will be found sufficient 
for most purposes, in prosecuting the proximate analysis of 
animal bodies. 
Pure sulphuric acid, "| 
hydrochloric acid, I ^ 
nitric acid, 
acetic acid, J 

These acids should also be kept in a dilute form. One part 
of strong acid to nine of waiter is a convenient mixture. 
Solution of caustic potassa. 

ammonia. 

carbonate of potassa. 

oxalate of ammonia. 

bichloride of mercury. 

acetate of lead. 

di-acetate of lead. 

alum. 

ferro-cyanuret of potassa. 

tartaric acid. 

nitrate of silver. 

chloride of barium. 

Tincture of galls. 

Sulphuret of iron.* 

Litmus paper, both blue and reddened,! 

* For procuring a stream of sulphuretted hydrogen gas: — This is 
done by placing the powdered sulphuret in a large phial, and adding 
sulphuric acid, diluted with three times its bulk of water. The gas 
which escapes can be conducted to the bottom of the fluid which we 
wish to act upon, by means of a glass tube, bent twice at right 
angles; one leg of which must be inserted air-tight into the cork of 
the phial; and the other (which must be sufficiently long) made to 
pass to the bottom of the vessel holding the liquid to be subjected to 
the action of the gas. 

f Reddened litmus paper, if well prepared, is an extremely deli- 
cate test of alkali, far more so than turmeric paper, which, however, 
should also be used, as the effect produced upon it by animal solu- 
tions (if compared with their effect on reddened litmus) affords a 
rough, but frequently a useful, test of the degree of alkalinity. 
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Turmeric paper. 

Alcohol — specific gravity -833. 

Rectified ether. 

The following instruments of analysis, will now render our 
laboratory pretty complete: — 

A platinum crucible, capable of holding about half a fluid 
ounce. 

Platinum foil. 
wire. 

Test tubes and stand. 

Watch-glasses. 

A blow pipe. 

Glass rods. 

A spirit lamp. 

Test glasses. 

Forceps. 

A pair of scissors. 

Bone spatulas. 

Steel spatulas. 

Glass funnels. 

Wedgewood dishes of various sizes to contain from a quarter 
to half an ounce. 

German China-ware dishes and capsules. 

Lamp rack and dish stands. 
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BLOOD AND URINE. 



ON THE BLOOD. 



As it is impossible for the student thoroughly to under- 
stand the principles on which the methods for analysing the 
blood are founded, or to possess a clear and well defined 
view of the application of chemistry to the advancement of 
humoral pathology, unless he become acquainted with the 
minute physical structure of the blood, I shall, in the first 
place, proceed to a description of that fluid as it circulates 
in the vessels, and point out, by reference to its minute 
anatomy as shown under the microscope, what those parts 
of its history are requiring the assistance of chemistry for 
their further development. The student will thus be ena- 
bled more completely to understand the nature of the 
changes occurring during coagulation, and more fully to 
appreciate the extent to which physical actions occurring in 
the blood, after removal from the body, and over which we 
have no control, are capable of affecting the positive value 
of our results. 

He will also be able to appreciate the exact point at 
which chemical methods of analysis should commence, and 
beyond which physical division can no longer be practised ; 
and, I trust, will thus be impressed with the absolute ne- 
cessity of possessing an accurate knowledge of the physical 
2 
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structure of the blood before he can hope to enter upon its 
chemistry with advantage. 

The blood as it circulates through the vascular system, 
may be described as made up of a fluid holding in suspen- 
sion a number of minute organised bodies of a red colour, 
which so thickly pervade the suspending fluid as to give it 
to the unassisted eye the appearance of a homogeneous red 
solution. There are, existing in the blood, besides these 
red corpuscles, a smaller number of colourless bodies of a 
different organization, and known by the name of fibrinous 
corpuscles. In addition to these, we also occasionally re- 
mark granules of various sizes thinly scattered through the 
blood, and< which seem to appear in greater numbers a short 
time after a meal, and at a period when the flow of chyle 
into the blood has taken place freely. When the blood 
coagulates, the fluid in which the corpuscles float, and 
which has been called liquor sanguinis, becomes disinte- 
grated, a solid matter depositing from it, known under the 
name of fibrin, while its fluid portion, containing the albu- 
minous and' saline matters in solution, forms serum. The 
fibrin as it separates becomes mixed up w r ith the red cor- 
puscles, and the two together make up the mass known as 
crassamentura, which floats in serum, as is seen in coagu- 
lated blood. The white bodies which I have described as 
floating with the red corpuscles in the liquor sanguinis, are 
entangled with these latter in the fibrin during coagulation: 
thus the serum is nothing else than a clear solution of ani- 
mal matters and salts. When blood is about to. coagulate, 
it is always observed, that before the deposition of fibrin 
from the. liquor sanguinis commences, the corpuscles float- 
ing in the blood begin to subside-, and leave a thin stratum 
of liquor sanguinis, on the surface. If this be removed by 
carefully skimming the bloody we obtain pure liquor san- 
guinis of a pale straw colour, which, when set aside, will 
separate into fibrin and serum. It was by thus skimming 
inflamed blood, that Hewson first succeeded in. obtaining a 
fluid capable of coagulation ; but he did not Garry out this 
observation on healthy-bloody and it was left for-Dft Babing- 
ton to prove, that healthy blood as it circulates is made up 
of a homogeneous fluid} containing floating corpuscles, 
and to this fluid, which* he prcved to be a solution 
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of fibrin in serum, Dr. Babington gave the name of liquor 
sanguinis.* 

When examining the blood, then, under the microscope, 
we must bear in mind, that, when freshly drawn from a 
puncture, it is composed of corpuscles floating in a homo- 
geneous fluid, but that if coagulation be allowed to take 
place', we have the corpuscles floating in serum, or, in 
other words, in liquor sanguinis deprived of its fibrin, a 
condition which will materially interfere with the natural 
appearance of the corpuscles, for reasons which will be at 
once apparent when the physical properties of those bodies 
have been described. 

The anatomy of the red corpuscles has formed a subject 
for conjecture and experiment among physiologists for a 
number of years, and a great diversity of opinion has ex- 
isted as to their true nature. Some have believed them 
solid bodies, while others, on the contrary, have believed 
them of more complex vesicular structure. "We are now, 
however, enabled to speak positively as to their nature, 
their vesicular structure having been put beyond doubt by 
late experiments, which have shown that endosmodic cur- 
rents can be induced through their membrane, and that the 
corpuscles, as seen under the microscope, can either be 
emptied or filled accordingly as we mix with the blood so- 
lutions of a specific gravity higher or lower than that of the 
liquor sanguinis, in which the corpuscles floated in the na- 
tural state.f Now it has not only been proved that the red 
corpuscle possesses a membrane or envelope, but also that 
this envelope encloses a red fluid, and this being the case, 
it follows that the specific gravity of the enclosed red fluid 
must be identical with that of the liquor sanguinis, in 
which the corpuscle floats, such being the inevitable result 
of stasis when a permeable membrane separates fluids. 
With this knowledge let us now reflect on the change 
which will take place when the blood coagulates. The 
liquor sanguinis, in whieh the red corpuscles float, deposits 
irts fibrin, and becomes.thus converted into serum. Having 
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f Vide Guy V Ij'ospnal Reports, N<>».xiii. Rees and Lane on 
Anatomy, &c 
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lost part of its solid contents, it now possesses a less spe- 
cific gravity, and the fluid within the corpuscles, since it 
retains its normal specific gravity, is heavier than the se- 
rum in which the corpuscle floats, and consequently an 
interchange of fluid through the membrane will take place. 
In this way we find the corpuscle becomes filled by serum, to 
an extent which frequently renders its thickness half as great 
again as it is observed in blood before coagulation, for the 
reason that in accordance with the endosmodic laws, the 
lighter fluid without has entered the corpuscle in larger 
proportion than its heavier contained fluid could pass away. 
In this manner a portion of the serum, which in the natural 
state assisted in forming the liquid in which the corpuscles 
floated, has entered those bodies; and in our analysis of 
blood after coagulation, we possess no means of separating 
this serum from the corpuscle ; it is, in fact, always retained 
permanently. 

After the description I have now given of the physical 
structure and qualities of the red corpuscle, I trust the stu- 
dent will be prepared to consider the difficulties we have 
to encounter in accomplishing an analysis of coagulated 
blood, such as shall be perfect in all its parts. 

I have stated that there are colourless bodies existing in 
the blood, which are to be seen under the microscope, and 
are known by the name of fibrinous corpuscles. It maybe 
well to mention that these do not possess the vesicular cha- 
racter so strikingly shown by the red corpuscles, but that 
they are soft solids, the physical structure of which in no 
way interferes with the perfection of analysis, whereas we 
have seen that the endosmodic action set up during coagu- 
lation by the red corpuscles becomes a serious obstacle to 
our obtaining an absolutely correct analysis of the entire 
blood. I shall now proceed to describe the method era- 
ployed for ascertaining the proportion of fibrin, red corpus- 
cles, and serum contained in the blood. 

My reason for commencing thus is, that I mav gradually 
introduce the student from the simpler into the more intri- 
cate processes. I have, therefore, preferred to introduce 
this simple quantitative examination as a commencement to 
the more complicated qualitative analysis which follows, 
and which, in strict propriety, should have preceded. It 
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will be found, however, that this slight sacrifice of order is 
of the greatest utility to the student. Before noticing the 
qualitative examination of the various matters entering into 
the composition of blood, our object will be to describe, in 
as concise a manner as possible, the most approved pro- 
cesses for making the quantitative analysis of the serum, 
both in health and disease. 



ON THE ANALYSIS OF THE BLOOD IN HEALTH. 

Determination of the Proportion of Water, solid Matters of 
Serum, Fibrin, and Red Corpuscles.* 

The blood intended for analysis is to be collected in three 
vessels, one of these being a platinum capsule, capable of 

* Several methods of effecting the separation of these three con- 
stituents of the blood have been proposed by chemists, and there are 
objections to all, in so far as absolute correctness is concerned. The 
process I have adopted I believe to be the best in medical inquiries, 
as it allows of the estimation of the corpuscles with greater precision 
than most others. The method recently proposed by Simon for the 
analysis of the entire blood possesses one great disadvantage : for 
the nuclei and capsules of the corpuscles are by him estimated as 
albumen, a defect which must render his results unsatisfactory 
to the pathologist, since a correct appreciation of the proportion of 
the corpuscles°in their integral state is absolutely necessary to a clear 
understanding of many of the charges occurring in blood during the 
progress of disease. Simon has shown, however, that no very great 
discrepancies are to be observed between his results and those of 
other chemists. The method I now describe, which nearly ap- 
proaches to that lately employed by Andral and Gavarret in their 
researches, is by far the most perfect with which I am acquainted. 
Many objections have been raised against it, of which the following 
only is deserving of notice. In the estimation of the proportion of 
serum and corpuscles, all the water of the blood is presumed to exist 
as a constituent of serum, and the corpuscles are assumed to be 
solids, whose moisture is entirely owing to the fluid in which they 
float, whereas in reality they are organised bodies containing, as a 
constituent, a fluid of a red colour, which is quite distinct from serum 
in its chemical relations. If we more minutely consider this plan of 
analysis in relation to the structure of the corpuscles, we shall ob- 
serve, however, that it is capable of giving results far nearer to the 
truth than mi^ht at first be imagined. It must be remembered that 
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containing half a fluid ounce; the other two must be glass 
vessels, each of the capacity of six fluid ounces, and one of 
which should be a bottle or flask fitted with a glass stopper. 
The weights of the capsule and glasses in a perfectly dry 
state must be correctly ascertained, and, if possible, en- 
graved upon them. 

From two to three fluid drams of blood are to be received 
into the platinum capsule, and from four to six into each of 
the glass vessels. Ten or twelve pieces of lead, each 
about a quarter the size of a sixpenny piece, and the weight 
of which has been previously ascertained, are to be imme- 
diately put into the glass vessel provided with a stopper, 
and then shaken up with the blood, agitation being con- 
tinued for ten or twelve minutes. By this action, the fibrin 
is made to coagulate around the lead. The bottle, with 
its contents, is now weighed, in order to ascertain the 
weight of blood operated on, which is at once done by 
subtracting the weight of the lead and bottle from the whole 
weight shown by the balance. The bottle is now to be 
emptied into a saucer, and the fibrin collected, washed 
with distilled water, dried, and weighed. This gives the 
weight of fibrin contained in the portion of blood operated 
on. 

The blood received in the other glass vessel is to be set 
aside to coagulate, in order to afford a clear serum for 
analysis. The blood received into the platinum capsule 
is now to be weighed in that vessel, the weight of the cap- 
sule being subtracted from the whole weight shown by the 
balance, giving the true weight of blood. The capsule is 
next to be removed to a water bath, and the blood dried 
until it ceases to lose weight by further application of heat. 

The capsule containing the dry matter is now to be wiped 
dry and weighed, and the weight obtained subtracted from 
that of the capsule and blood taken at the commencement 

there is a constant endosmodic interchange of position taking place 
between the contents of the corpuscle and the liquor sanguinis, in 
which it floats, varying with the entrance and exit of water from the 
circulation ; and that consequently the contents of the corpuscle will 
always be in part composed of those constituents of the blood which 
form the liquor sanguinis, and of which serum constitutes the greater 
part. 
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of the analysis. This gives us the weight of water con- 
tained in the portion of blood operated on.* By subtracting 
the weight of the capsule from the weight shown by the 
balance, we also obtain the proportion of dry matter in the 
blood. 

We have now ascertained the proportion of the following 
ingredients of the blood ; viz. 

Water, 

Solid matters, and 

Fibrin. 

Now these results having Wen obtained on portions of 
blood differing in weight, our next step consists in reducing 
them, in order to ascertain the relative proportions of the 
ingredients contained in 1000 parts of blood. Having done 
this by the rule ef proportion, we next subtract the weight 
of the fibrin (as adjusted to 1000 parts) from that of the 
solid matters of blood, of which of course it formed a part. 
We thus ascertain the weights of 

Water, 

Fibrin, and 

Blood corpuscles and solid matter of serum mixed ; 

the two latter ingredients making up the remaining solid 
matters of blood. 

The weight of the blood corpuscles and serum mixed 
together being known, it is obvious that if we ascertain the 
weight of either one of them, we shall be able to determine 
the weight of the other, by subtraction from the mixed 
weights. It is thus that we obtain the weight of the cor- 
puscles by determining that of the solids of serum, which is 
done as follows. One hundred grains of serum, taken 
from the glass vessel which was set aside for coagulation of 
the contained blood are to be evaporated in a dish over a 
water bath until weight is no longer lost by further applica- 
tion of heat. The proportion of solid matter and water in 

* In thus using a small quantity of blood expressly to ascertain 
the proportion of water, we ensure exactness ; for though we operate 
on a small weight, we do not move it from the capsule, or subject it to 
loss before wefghing, and its small bulk ensures perfect drying over 
the water bath. 
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the serum is thus ascertained.* Now we have already 
noted a weight of water in our analysis, as contained in 
1000 parts of blood, and the solid matters of serum con- 
tained in the dry matters of blood will bear a proportion to 
that water. This proportion we have now determined by 
our experiment on 100 parts of serum. We now, therefore, 
merely have to m^ke the calculation for the proportion of 
solid matters of serum indicated by the water in our analysis 
for 1000 parts of blood ; and thus having ascertained the 
weight, we can also obtain that of the corpuscles by sub- 
tracting it from the known weight of the two together.! 

* The process in detail is the same as that for determining the 
proportion of- water and solid matter in the blood, and may be per- 
formed in the balanced platinum capsule. 

f The method of ascertaining the proportions of red particles, 
fibrin, and solids of serum here detailed, is only applicable when we 
can obtain blood before coagulation. When this cannot be managed 
it is best to use the method of Berzelius, which, though generally 
found to prod uce an over estimate of fibrin, still does not do so to any 
very material extent. The steps of the process are as follows :— 

The weight of the whole quantity of blood operated on being 
noted, the proportion of water and solid matter in the serum is flrs°t 
ascertained by evaporating a known weight of that fluid to dryness 
in a salt-water bath ; the loss of weight indicating the proportion of 
water, and the residuum the proportion of solid 'matter existing in 
the serum. These proportions being observed, the next step consists 
in dividing the crassamentum into two portions of equal weight ; one 
of which is used to ascertain the proportion of fibrin, and the other 
the proportion of red particles, as follows: — 

Treatment of first Portion. — The mass is to be cut into pieces as 
minutely as is possible, without losing any appreciable quantity of 
matter, care being: taken that its precise weight be ascertained before 
comminution. The mass is now to be placed on a filter, with a 
stream of distilled or rain water so adapted that a constant supply be 
afforded to wash away the red particles and serum contained in the 
interstices of the clots. This process occupies some time, and may 
occasionally be assisted by careful pressure, exercised by the thumb 
and finger. In this manner the fibrin becomes freed from its ad- 
mixture, and its weight is to be taken, after careful desiccation over 
a water bath. 

Second Portion of Crassa?nentum.—The second portion is to be 
weighed, and then thoroughly dried over a salt-water bath. It is 
now again to be carefully weighed, the loss of weight indicating the 
proportion of water combined with the coagulum; but since all the 
water of the crassamentum may be considered to exist in combination 
as serum, we have to subtract from the weight of this solid residuum, 
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I shall next proceed to describe the manner of analysing 
the serum, by separating its various constituents, which is 
all that is now necessary to a perfect examination of the 
blood. 

On the Analysis of healthy Serum. — Serum, the fluid part 
of the blood, which separates from the fibrin and red cor- 
puscles on coagulation, contains the following constituents ; 
viz. 

Water. 

Albumen. 

Extractive matter, soluble in water and alcohol. 

Albumen, combined with soda. 

Crystalline fatty matter. 

Animal oily matter. 

Chlorides of potassium and sodium. 

Alkaline, carbonate, phosphate, and sulphate. 

Earthy phosphate and carbonate. 

Subphosphate of iron. 

Oxide of iron. 
The process for making the quantitative analysis of the 
serum is as follows : — 

The portion destined for analysis is first to be carefully 
weighed in a balanced china-ware capsule: 200 grains is 
frequently used by chemists; but if the operator can afford 
to wait the requisite time for the evaporations, I shpuld 
recommend that he use 1000 grains in his experiments. 

The weight of the serum being noted, it is now necessary 
to evaporate it to dryness over a water bath, and then, on 

a quantity of solid matter proportional to the quantity of water, and 
which belongs to the serum, and not to the crassamentum. This is 
at once done ; since the proportions of solid matter and water which 
compose the serum are ascertained at the commencement of the pro- 
cess. After this subtraction, it is obvious we have remaining the 
proportion of fibrin and red particles in admixture ; but as the weight 
of the fibrin was obtained singly from the first portion of crassamen- 
tum operated on, we have only to subtract its weight, to ascertain 
the proportion of red particles. In this way we obtain the proportion 
of the fibrin and red particles: the deficit, of course, consists of 
serum; and the proportion of water and solid matter contained in 
this fluid being already ascertained, we can declare the weights of 
the water, solid matter of serum, fibrin, and red particles contained 
in any given specimen of blood. 
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ascertaining the weight of the dry extract, and subtracting it 
from that of the serum, we obtain the proportion of water 
contained in the specimen. 

The dry extract is next to be carefully broken up in the 
evaporating dish,* and then treated with boiling distilled 
water ; care being taken that the heat be kept to 212 
Fahrenheit at the moment of admixture, as otherwise the 
albumen is liable to assume a gelatinous form, which greatly 
interferes with the process. The quantity of water first 
added should be equal to about four times the bulk of the 
extract, and should serve to detach it from the sides of the 
evaporating dish : it then may be allowed to digest for a 
quarter of an hour, when it is to be thrown on a filter, 
which has previously been washed with hot distilled water, 
and allowed to drain. The contents of the filter are now 
again to be treated with boiling water, which is to be added 
by small quantities ; a small portion of the liquor which 
passes through being occasionally tested with a solution of 
nitrate of silver, as it is necessary to continue the washings 
with boiling distilled water until the re-agent above men- 
tioned ceases to be affected by the percolating fluid. We 
in this way procure a residue b, and a filtered solution a. 

a, the solution, is now to be evaporated to dryness, the 
result weighed, and its weight noted. The next step con- 
sists in adding to the dry mass about four times its bulk of 
hot alcohol, which should be allowed to digest for tenor 
twelve minutes. This first portion serves to place the ex- 
tract on a filter, and whf n the filtration is finished, two 
portions of hot alcohol, each equal in bulk to half the first, 
are successively to be allowed to wash the residue which 
will be observed on the filter; thus we have formed a clear 
solution c, and a second residue d. 

c. This clear solution on evaporation yields the animal 
extractive or osmazome, soluble in water and alcohol; this 
is to be dried over a water bath, and its weight ascertained. 
From this datum we may likewise obtain the weight of the 



* This must be done by the aid of scissors, a spatula, a sharp 
knife ; and the capsule should be placed on a dark-Coloured sheet of 
glazed paper, in order that any portion of matter projected from it 
may be at once seen, and replaced. 
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albumen combined with soda ; which is done by subtracting 
the weight of the osmazome from the weight of the solid 
matter of the solution a. 

d. This second residue is entirely soluble in distilled 
water, and consists of albumen combined with soda. Its 
weight may be ascertained directly, or inferred as above 
mentioned in process c. 

b. This residue is to be dried and weighed ; successive 
portions of alcohol are now boiled on the mass until they 
no longer deposit stearine on cooling ; these alcoholic wash- 
ings are to be added together, and evaporated over a steam 
bath. The residue b is to be again dried and weighed, 
which will afford the proportion of albumen. The dried 
fatty matters may now be washed with cold alcohol, which 
dissolves the oily and leaves the crystalline fat ; these may 
next be separately dried and weighed, to ascertain their 
proportion. 

The following processes are now necessary, in order to 
render the analysis complete, by the determination of the 
proportion of alkaline and earthy salts. With this view, 
we must first incinerate the albumen, and keep the residue 
at a red heat in a platinum crucible over a circular-wicked 
lamp until all carbonaceous matter is dissipated ; the weight of 
the residuum indicates the proportion of earthy salts with an 
occasional trace of iron : this weight must be subtracted from 
the original weight of the albumen (obtained by process b,) 
in order to arrive at the exact proportion of that animal 
principle. 

The proportion of alkaline salts may next be ascertained 
by incinerating the watery and alcoholic extracts obtained 
by processes c and d. The extracts must be separately in- 
cinerated, and the weight of salts in each be subtracted 
from the weight of the respective extracts, in order to as- 
certain the real weight of animal matter in each. 

It will be observed, that the determination of the pro- 
portion of salts is a necessary step in order to ascertain the 
true amount of the animal matters. 

The following results of two analyses, made by M. Le- 
canu, will serve to show the quantitative constitution of 
healthy serum : — 
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of iron } 






Loss --•-"- 


1-00 


1-61 



1000-00 1000-00 
For those who cannot spare time to mak* an analysis as 
above, it may be well to mention the formula, as under, 
in accordance with which an analysis may be very easily 
effected : — 

Water - 

Albumen, with earthy salts ) 
and phosphate of iron* ) 

Animal extractives! 

Fatty matters:}: - 

Alkaline salts - 
I will now describe the method of proving the presence 
of the several salts above enumerated, as constituents of 
serum, beginning with the alkaline salts. These may be 
proved to be such by dissolving them, as obtained by in- 
cinerating the extractives, in a small quantity of distilled 
water, and then adding a few drops of a solution of carbo- 
nate of potassa to a portion of the saline fluid. The carbo- 
nate has the power of precipitating both metallic and earthy 
salts from their solutions, provided no excess of acid be 

* Avoiding the incineration of the albumen. 
+ Avoiding the separation by alcohol. 

^ Avoiding the separation of the crystalline fat from the oily 
matter. 
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present. It will be now observed, that the liquor remains 
unaltered by the addition of the re-agent ; and we may 
therefore at once conclude that all the salts present are al- 
kaline. To a second portion of the solution we may add 
an excess of tartaric acid, and set it aside for a few hours, 
when a crystalline precipitate will be procured, consisting 
of the bitartrate of potassa ; thus indicating the presence of 
that base. A portion of the fused salts is now to be ex- 
posed to the inner flame of the blowpipe on a platinum 
wire, when the outer flame will become coloured yellow, 
in a very marked degree ; proving that soda likewise exists 
in the salts. 

Having now shown the nature of the bases, we will pro- 
ceed to examine the acids with which they are combined : 
—1st. Let a portion of the dry salts be treated with a drop 
of moderately dilute acetic acid, when an effervescence en- 
sues ; proving the carbonic acid to be present.* To a 
third portion of the solution of salts add a few drops of the 
solution of chloride of barium, which will occasion a 
dense precipitate, owing to the alkaline carbonate pre- 
sent. This precipitate must now be dissolved by a slight 
excess of pure hydrochloric acid, and the solution set aside, 
when a white precipitate of sulphate of baryta will appear, 
proving the presence of the sulphuric acid.f 

A fourth portion of the solution is now to be rendered 
acid by a very slight excess of pure nitric acid, and then 
tested with a solution of nitrate of silver, which will occa- 
sion immediately a white precipitate, consisting of the chlo- 

* Enderlin denies the existence of a carbonate in the ashes of 
blood ; and it is true, that if we incinerate the serum and crassa- 
rnentum together, we obtain an ash which does not effervesce on the 
addition oxacids. If we incinerate serum alone, however, weob- 
tain an ash which effervesces strongly on the addition of acids. The 
explanation of the above apparent anomaly consists in the fact that 
the phosphorised fats contained in the clot produce during combus- 
tion a sufficient quantity of phosphoric acid to decompose the carbo- 
nate formed from the decomposed lactates and albuminate of the 
serum. „ 

f If the whole of the precipitate be not dissolved by the excess 01 
hydrochloric acid, we may also conclude that the solution contains a 
sulphate. 
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ride of silver ; proving the presence of the hydrochloric 
acid. This precipitate may now be allowed to subside in 
the acid liquor, which is to be poured off into another tube, 
and to be carefully neutralised with ammonia. A yellow 
precipitate will then appear, which before was dissolved by 
the excess of acid. This precipitate consists of phosphate 
of silver, and may be further identified by allowing it to 
remain in the tube exposed to light for a few hours, when 
it will be found perfectly blackened ; thus the phosphoric 
acid is shown to be present. 

We will now proceed to the examination of the earthy 
and metallic salts: these will be found insoluble in water; 
an acid must therefore be used to dissolve them, which 
easily effects the purpose. The dilute nitric acid, perfectly 
pure, is to be preferred.; care being taken to use little more 
than is absolutely necessary to effect the solution. It will 
be observed, that when the acid is added, effervescence 
occurs, occasioned by the escape of carbonic acid. The 
phosphoric acid may now be show.n to be present, by the 
addition of a. few drops of the solution of nitrate of silver to 
a portion of the acid fluid, and then neutralising the excess 
of nitric acid with pure ammonia ;* w T hen the yellow phos- 
phate of silver will.be precipitated. The existence of this 
acid may also be demonstrated before the blowpipe, by 
subjecting a portion, of the dry salts to the • astion of the 
inner, flame, having, previously moistened them with strong 
sulphuric acid, when the outer flame will assume a fine 
green colour. 

Having now experimented upon the acids, we will pro- 
ceed to the examination of the bases. To a- portion of the 
acid solution add a sufficiency of ammonia nearly to neu- 
tralise it, and then let it be testad with theferro-prussiate of 
potassa, when a precipitate of prussian blue or ferro-ses- 

* Groat care must be taken. that too great a quantity of nitric acid 
be not added in performing the solution of the salts; for in that case, 
ihe great excess of nitrate of. ammonia (which is formed on the ad- 
dition of the ammonia) tends to hold the phosphate of silver in so- 
lution. This fact of the solubi ity of the phosphate in ammoniacal 
salt will probably account for the frequent disagreements of chemists 
as to the existence of phosphates in some animal matters. 
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quicyanuret of iron will collect in the solution.* Many 
minutes are sometimes required, however, before this effect 
is produced. In order to demonstrate the presence of the 
earthy phosphates, the acid solution must be neutralised 
with ammonia, when the peculiar gelatinous appearance of 
the precipitate will sufficiently characterise its nature. 



QUALITATIVE ACCOUNT OF THE CONSTITUENTS OF THE 
HEALTHY BLOOD. 

Fibrin — Jllbumen — Globulin. 

The blood is principally composed of proteine com- 
pounds, which are in combination with certain salts, fatty 
matters, and water, necessary either as solvents to the more 
important principles, or as assistants in the process of nu- 
trition. The more important proteine compounds which 
we meet with in analysis are fibrin and albumen,! formed 
by the union of proteine with sulphur and phosphorus in 
varying- proportion. To these most chemists add another, 
to which they give the name of globulin. This body is a 
constituent of the corpuscles — the white part of the corpus- 
cles — and is made up of the nuclei and membranes which 
contained the red colouring fluid. It is estimated as a part 
of the corpuscles in the method of analysis I have detailed. 
The ashes of globulin have been erroneously stated to con- 
tain iron; this only happens when colouring matter has 
become mixed with k, for I have proved that the whole of 
iron contained in the blood exists in the red colouring 

* Iron exists as a mere traGe in serum, and when found its pre- 
sence is probably owing to accidental admixture with a small num- 
be? of blood corpuscles. 

f The ultimate constitution of these bodies has been staled as 
follows : — 

Fibrin. Albumen. 

Proteine. ... 10 atoms 10 atoms. 

Sulphur . . .. L, 2 

Phosphorus . . 1 1 

The proportions of phosphorus and sulphur, however, cannot be 
relied upon. Proteine itself is constituted as follows :— - 
C 18 H J6 N 6 I4 . 
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principle, and that the white matter of the corpuscles, 
when pure, yields a white ash.* 

The general chemical qualities of fibrin and albumen are 
almost identical, and the re-actions of the white matter of 
the corpuscles, so far as it has been examined, are of the 
same character. These principles are soluble in alkaline 
solutions, and precipitable when so dissolved on neutrali- 
sation with acids. They are rendered gelatinous, and dis- 
solved by strong acetic acid. 

Ferrocyanuret of potassium precipitates the acetic solu- 
tion. Strong hydrochloric acid boiled on solid fibrin or al- 
bumen assumes a fine purple tinge. The ashes of fibrin, 
albumen, and globulin, when pure, are perfectly white, and 
composed principally of phosphate of lime. Albumen 
when in solution is precipitated on the application of a heat 
equal to about 160° Fahrenheit. It is coagulated also by 
the addition of — 
Nitric acid, 

Solution of bichloride of mercury, and 
ferrocyanuret of potassium, 
provided a few drops of acetic acid be previously added. 

Several metallic and earthy salts also precipitate albumen 
from some soluble forms of combination. 

Hcematosine. 

The red corpuscles of the blood, if collected in serum by 
washing the clot in that fluid, removing the coarser parts, 
and then allowing them to subside, may be made to yield 
haematosine free from globulin, by the following process:— 
The supernatant serum is to be poured off as nearly as pos- 
sible without disturbing the corpuscles; a solution of com- 
mon salt is next to be added, being of the same specific 
gravity as the decanted serum (about 1-029,) and the cor- 
puscles having been agitated and washed in this fluid, are 
again to be allowed to subside, by which means they are 
freed from adhering albumen. Subsidence being complete, 
the next step consists in pouring away the saline solution, 
and throwing the subsided corpuscles into a vessel of dis- 

* Vide Guy's Hospital Reports, April, 1843, p. 323. 



CONSTITUENTS OF BLOOD. 33 

tilled water, which burst the corpuscles by rapid endos- 
mosis, causing the burst vesicles to fall in the fluid together 
•with the nuclei, while the red colouring matter dissolves in 
the water. The mixture is now to be placed on a filter, 
when the solution of haematosine will pass through, leaving 
behind the nuclei and membranes of the corpuscles. This 
solution, if evaporated, yields the red colouring matter in a 
state nearly approaching to purity. In this condition it 
will be found greatly to resemble albumen and fibrin in its 
re-actions with acids and alkalies. It yields, however, an 
ash rich in iron.* 

If we digest ether on dried blood, we obtain not only the 
fatty matters that we extract from serum, but in addition a 
fatty principle or principles containing phosphorus. The 
ethereal solution is clear, transparent, and of a yellowish 
colour. By spontaneous evaporation it leaves a reddish- 
brown residue, of the consistence of turpentine, which is 
formed of two very distinct substances; one being oily, and 
the other of a crystalline, fatty texture. These may be 
separated by cold alcohol, which dissolves the oily matter, 
leaving the crystalline matter unchanged.! 

This crystalline, fatty matter is now to be dissolved in 
boiling alcohol, which deposits it on cooling in scales re- 
sembling mother of pearl ; it is without odour or taste, solu- 
ble in cold ether and boiling alcohol, and insoluble in a 
solution of caustic potassa ; when decomposed by heat, it 
leaves a residue, containing phosphoric acid ; it has a great 
similarity to cholesterine in appearance. 

The oily matter is now to be procured by the evaporation 
of the cold alcoholic solution. It is insoluble in cold and 
hot water; alcohol and ether dissolve it readily, assuming, 
at the same time, a yellow colour. It dissolves when 
gently heated in a solution of potassa; and if it be decom- 
posed from i alkaline solution by hydrochloric acid, the 
fatty acid.- are formed. 

* Two colouring maters, called haemaphaein and hsemacyanin, 
have been described by fcimon and Sanson as constituents of healthy 
blood. The former is evidently altered, haematosine existing in 
minute quantity in serum. Of the latter 1 know nothing. 

f Berzelius seems to consider a part of the fatty matters as pecu- 
liar to the fibrin. 

3 
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Besides these fatty matters, we occasionally find choles- 
terine (a fatty matter supposed to be peculiar to the bile) 
mentioned as a constituent of blood ; and I have reason to 
believe it occasionally is present. Boudet mentions a fatty 
matter, to which he gives the name of serolin. His defi- 
nition of this substance indicates properties nearly identical 
with those of the crystalline fat of the blood ; it is, however, 
less soluble in hot alcohol of -833, and fuses at a lower tem- 
perature than cholesterine, with which it also shows some 
characters in common. 



Animal Extractives. 

In the analysis of serum two extractive matters have been 
noticed, one soluble in alcohol and water, the other soluble 
in water only. The former of these is called the alcoholic, 
the latter the aqueous extractive. 

The alcoholic extractive is of a yellow colour, and deli- 
quescent. Its properties are as follows : — It is soluble in 
water and alcohol ; precipitable of a brown colour by in- 
fusion of galls ; precipitable by the di-acetate of lead, the 
precipitate being soluble in an excess of that re-agent. 
This substance is what Berzelius once considered as lactate 
of soda, mixed with peculiar organic matter. It is the 
osmazome of some chemists. Lecanu says that it does not 
give out the odour of meat when boiled, which is the case 
with osmazome, and therefore thinks that the latter, as ob- 
tained by former chemists, consisted of this extractive mat- 
ter, mixed with a portion of the fats, which would produce 
the odour in question. This is, indeed, more than proba- 
ble ; since in most of the processes for obtaining osmazome 
no mention is made of any previous ethereal digestion, 
which would be necessary for the extraction of the fatty 
matters. 

The aqueous extractive, when dry, forms a mass which 
Berzelius has considered as a result of the action of hot 
water on albumen. Lecanu, however, considers it to be a 
combination of albumen and soda, which is more than 
probable, as its solution in water gives a precipitate with 
acetic acid, resembling albumen in its gelatinous state ; and 
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as the same body may be procured without the use of hot 
water, it is plain that the action of that fluid is not necessary 
to its existence. 



OF THE BLOOD IN DISEASE. 

The analysis of the blood has been so little studied by 
the medical profession until of late years, that we have but 
few observations to direct us regarding its diseased con- 
dition. The advance of animal chemistry has but just 
begun to produce those improvements in our pathological 
knowledge which have been long anticipated, and is 
gradually silencing those who argue against the utility of 
chemical investigations as applied to medicine. 

The blood may be called diseased, either when any of 
its constituents become unusually abundant, or when a 
diminution of these proximate elements is observed. The 
more interesting deviation from health consists, however, 
in the existence of principles in the blood which are entirely 
foreign to its healthy constitution, and belong especially to 
the secretions or excretions of the body. A knowledge of 
the processes for the analysis of healthy blood will, of 
course, suffice to enable the experimenter very easily to 
analyse those specimens in which disease has either in- 
creased or lessened the proportion of any of the constituents. 
The substances foreign to healthy blood, and which chemis- 
try has served to demonstrate as existing in the diseased 
condition of that fluid, are few in number, but yet the 
presence of each will require either a modification of the 
method of analysis or increased care and attention as to the 
degree of heat to be employed during the operations. 
Many observations have now been made in reference to the 
effects of disease in destroying the normal proportions of 
the principles of the blood : the most prominent among 
these changes are those in which the proportions of fatty 
matter and water become disturbed. The principles intro- 
duced into the blood by disease,, aad which will be espe- 
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cially noticed, are urea, colouring matter of bile, choleste- 
rine, and sugar. 

Examination of Blood supposed to contain Urea. 

1. Let a portion of serum be accurately weighed, and 
then evaporated to dryness over an open steam-bath.* 

2. A quantity of distilled 'water (amounting to about 
one ounce for each 200 giains of serum used for experiment) 
is to be heated to 200° Fahrenheit, and then poured on the 
dry extract, which must be previously broken up with a 
sharp spatula. 

A digestion over the steam-bath for about half an hour is 
now to be performed ; the loss of water by evaporation 
being supplied occasionally by the experimenter. 

3. The digested fluid is to be filtered, and the residue 
on the filter washed with distilled water (the washings 
being added to the original liquor.) The whole of the fil- 
tered liquor is now to be evaporated to dryness over an open 
steam-bath, and the residue of the evaporation digested, 
with absolute alcohol, f at a gentle heat, for half an hour; 
care being taken that the loss by evaporation do not materially 
diminish the bulk of the fluid. 

4. A second filtration is now to be performed, and the 
filtered fluid must again be evaporated to dryness, and then 
dissolved in a small portion of lukewarm distilled water. 
We thus procure an aqueous solution of urea, combined 
with animal extractive ; to this solution (previously evapo- 
rated to the consistence of a thin syrup) we now add a few 
drops of nitric acid, which causes an effervescence. This 
mixture must be set aside to crystallize. 

5. Should crystals appear, of the peculiarly characteristic 
appearance of nitrate of urea, we may conclude that urea 
is present: indeed, if crystals exist at all after the foregoing 

* By using an open steam-bath, we are always certain of keeping 
the matter of experiment at a heat considerably below 212° Fahren- 
heit, which is absolutely necessary in these experiments, since urea 
in dilute solution becomes gradually destroyed if kept at the tempera- 
ture of boiling water. 

f About eight times the bulk of the solid extract for digestion. 
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process, they must be nitrate of urea ; since no principle of 
the blood that can possibly exist in the last-tested fluid pos- 
sesses the property of becoming less soluble by the addition 
of nitric acid. 

6. Crystals being formed in the liquor*, we may now pro- 
ceed to ascertain the proportion of urea. For this purpose 
we must first allow some time to elapse, in order that the 
deposition of crystals may be perfectly accomplished.! 
When such is the case, the supernatant liquor must be 
poured off; which, with the assistance of a small glass rod 
(to retain any very minute crystals) may be perfectly ef- 
fected. The acid crystals remaining are now to be care- 
fully dried over the open steam- bath and then weighed ; 
from their weight we may infer the proportion of urea pre- 
sent, since we know the composition of nitrate of urea to 
be— 

Urea - - 52-63 

Nitric acid - - 47-37 



100-00 
If it be required to ascertain the relative proportion of 
the other ingredients of the blood containing urea, it will 
be right to make a separate analysis for that purpose ; since 
the use of the open stearn-bath and distilled water at 200° 
Fahrenheit will materially interfere with the determination 
of the quantity of albumen. I feel convinced that the wish 
to ascertain all by a single analysis has frequently been the 
cause of failure in the detection of urea when it existed in 
blood. 

* It will always be observed in specimens where urea exists, 
that, long before any material diminution occurs in the bulk of the 
fluid (which has been mixed with nitric acid,) a crop of crystals ap- 
pears. 

f This must be determined by the discretion of the operator, as 
it is impossible to lay down rules on such a subject; when any diffi- 
culty occurs, it is well to have recourse to the use of a freezing 
mixture, as recommended in the process for separating urea from the 
urine. 
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Examination of Blood containing colouring Matter of 
Bile* 

The best account which has yet been given of this dis- 
eased condition of the serum is by Lecanu, who satisfac- 
torily proves that in jaundice the vital current is strongly 
impregnated with those matters, which in the healthy state 
are peculiar to the secretion of the liver. This able che- 
mist has established, that in cases of jaundice the blood 
contains the following principles foreign to its healthy con- 
stitution : — 

1. A combination of albumen and soda, scarcely at all 
soluble in water. 

2. An orange-yellow colouring principle. 

3. A blue colouring principle. 

These colouring principles have been demonstrated to 
exist in the bile by M. Chevreul. 

The examination of the serum of icteric blood is per- 
formed as follows : — 

The serum is diluted with a considerable excess of al- 
cohol, which renders it turbid, and precipitates a quantity 
of flocculi. These are collected on a filter, and washed re- 
peatedly with cold alcohol. This filtered alcoholic solu- 
tion is of a yellow colour, and possesses an alkaline re-ac- 
tion ; it yields a dark yellow coloured residue on evapora- 
tion, which has a saltish disagreeable taste. It is delique- 
scent, and almost entirely soluble in ether. The portion 
insoluble in the last-named menstruum is granular, and of 
a salt taste, without bitterness. It contains, besides salts, 
an extractive matter, soluble in alcohol, and another or- 
ganic matter, such as is met with in healthy blood. 

The ethereal solution is now left to spontaneous evapo- 
ration, when a considerable orange-yellow residue is ob- 
tained, which contains crystals of the crystalline fatty mat- 
ter of the blood. These crystals may be separated by warm 

* It is probable that bile exists in serum in its perfect state ; but 
the colouring matter is that part which gives evidence of its presence, 
and therefore it is to the determination of this substance (to which 
the name of biliphaein has been given) that the attention of chemists 
has been principally directed. 



BLOOD IN DISEASE. 39 

alcohol, which also extracts an oily matter, of a beautiful 
deep yellow colour.* 

The albumen which has been precipitated is now to be 
treated with boiling alcohol, which assumes a dark green 
tint, and by cooling deposits crystals of fatty matter. 
The liquor, when cold, is to be filtered, and then evapo- 
rated over a water-bath. During the evaporation, it retains 
its original tint for some time ; but when the alcohol is 
nearly dissipated, the green colour disappears, and a yel- 
low tint is observable, while at the same time a portion of 
brownish matter deposits on the sides of the vessel. This 
brown deposit may be washed with cold alcohol, to free it 
from the other matters ; when it will be found very soluble 
in boiling alcohol, and capable of producing a fine blue 
colour when dissolved in that liquid. It is remarkable that 
exposure to the rays of the sun destroys this colour. 

The yellow serum of jaundice may be very easily tested 
for bile by the addition of nitric acid, which changes the 
colour to a delicate green after the lapse of a few minutes. 
This is a very simple method, and no less easy than it is 
satisfactory, and void of fallacy. 

The jaundiced serum is thus described by Lecanu :— It 
possesses a sickly taste ; it is of a saffron colour, which 
passes to a canary yellow on being diluted with water ; it 
froths by agitation, and turns syrup of violets to a fine green 
colour.f No method is at present known of separating the 
biliary matters quantitatively from serum. 

Examination of Blood containing Cholesterine. 

This principle is very easily discovered when it exists in 
blood; and many instances are on record, in which it has 

* This has been lately shown by Braconnot to consist of the 
yellow matter of bile in combination with an oily matter. 

f See, in reference to this subject, Chevreul, Diction, dea 
Sciences Naturelles, vol. xlvii. p. 198. Lassaigne, Journal tie L hi- 
mie Medicale, Juin, 1826, pp. 264. 267. Examen Chimique du 
Saner dans l'lctere, et Considerations sur cette Liqueur. Doycux, 
Considerations Chimiques et Medicales sur le Sang des Icteriques. 
Collard et Martigny, Analyse Chimique du Sang dune 1-emme 
morte icterique, &c. &c. 
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been detected in icteric serum. The late researches of P. 
S. Denis have convinced him that cholesterine is not a con- 
stituent of healthy blood ;* others believe it to exist in the 
healthy blood, Boudet among the number. However this 
may be, it is pretty certain that an increased proportion is 
occasionally present in disease. When serum is suspected 
to contain cholesterine, it should first be evaporated to dry- 
ness over a water-bath, and the dry residue digested with 
ether for several hours. The ethereal solution may now be 
decanted, and allowed to evaporate spontaneously. The 
residue consists of the fatty matters of blood combined with 
cholesterine. 

These are to be well washed with cold alcohol, which 
extracts the oily matter of the blood, leaving the crystal- 
line fatty matter and cholesterine. This latter may now be 
removed with the point of a penknife, or any fine instru- 
ment, as its crystals are very obvious and easily distinguish- 
able.! 

Examination of Blood containing Sugar. 

Sugar has been detected in the serum of diabetic blood. 
The best method of determining its presence is that which 
has been lately proposed by Dr. Bence Jones, who recom- 
mends that the serum be first dried, and then that hot water 
be thrown on the powdered extract, by which means the 
albumen is separated, while the sugar and other constituents 
of the serum become dissolved. The filtered liquor may 
now be tested by Trommer's test as follows : — A few drops 
of a solution of sulphate of copper are to be added to the 
suspected fluid, so as to give it a pale blue tint. A solution 
of caustic potassa is next used to precipitate the copper 
salt ; this being done, an excess of the potassa is to be added, 
in order that the hydrated oxyde of copper precipitated 

* Recherches Experimentales sur le Sang Humain considere a 
l'Etat sain. Par P. S. Denis. 

f There is some difficulty in otherwise separating these two sub- 
stances ; for the crystalline fatty matter, like cholesterine, is insoluble 
in alkaline lixivia, and is very similar to that principle in all its re- 
actions. Cholesterine, however, yields an ash having a strong al- 
kaline re-action, which is not the case with that derived from the 
crystalline fatty matter of the blood. 
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may be redissolved in the alkaline menstruum. The solu- 
tion will now assume a fine blue colour. Heat to a boil- 
ing temperature is next applied, when, if sugar be present, 
the oxyde of copper is thrown down as a precipitate of a 
reddish-brown colour, owing to the deoxydising action of 
the diabetic sugar on the oxyde of copper, which, were that 
principle not present, would assume a dark-brown tint on 
precipitation. 

We know of no method at present of accurately ascer- 
taining the proportion of sugar in diabetic blood. 

The following process will yield sugar tolerably pure ; 
but does not enable us to determine its weight with pre- 
cision. 

The blood is to be evaporated to dryness over a water- 
bath, the dried mass comminuted and digested several 
hours in boiling water. The aqueous solution is to be 
filtered off, evaporated to dryness, and the dried residuum 
digested in alcohol of sp. 0-825. The alcoholic solution is 
to be filtered, evaporated to dryness, and treated with 
rectified ether, which dissolves out fatty matter, and some 
urea, leaving behind sugar, osmazome, and chloride of so- 
dium. This mass on being dissolved in alcohol, and the 
solution allowed to evaporate spontaneously, affords a crop 
of mixed crystals, principally composed of alkaline, chlo- 
ride, and diabetic sugar. These may be separated by care- 
ful manipulation. I have succeeded by the mechanical use 
of alcohol of low specific gravity, in effecting this by agi- 
tation, with a near approach to accuracy ; for the chloride 
sinks before the crystals of sugar, and thus allows of the 
latter being poured off partly dissolved in the fluid. 

The following is an analysis I made of diabetic serum 
obtained from a patient, the specific gravity of whose 
urine was 1048 : — 
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Water ----- 908-50 
Albumen (yielding traces of phosphate ) 

of lime and oxyde of iron, on incine- > 80-35 
ration) ) 

Fatty matters - 0-95 

Diabetic sugar - - - - 1-80 

Animal extractive, soluble in alcohol, urea 2-20 

Albuminate of soda - 0-80 
Alkaline chloride, with traces of phosphate ) 

Alkaline carbonate, and trace of sulphate, > 4-40 

the results of incineration - ) 

Loss ----- i-oo 



1000-00 



I should wish the proportion of diabetic sugar given here 
to be considered merely in the light of an approximation, 
as it is impossible to separate it completely from impurity; 
and the loss sustained during manipulation must be con- 
siderable. 
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ON THE URINE. 

I shall commence this subject by describing each con- 
stituent of the urine, and shall then proceed to give an ac- 
count of the method used for the performance of the quan- 
titative analysis. In considering the urine in disease, I 
shall, first, treat of the urinary deposits; and, secondly, of 
those diseased conditions of the fluid which do not neces- 
sarily cause any sediment or turbidity. The examination 
by reagents will be noticed ; and then a particular account 
given of the method for the quantitative analysis of certain 
forms of unhealthy urine. 

OF THE URINE IN HEALTH. 

The urine in health has been stated by Berzelius to con- 
tain, besides water, the following substances as ingredients; 
each of which will be separately noticed : — 

Urea. 

Free lactic acid.* 

Lactate of ammonia. 

Osmazome. 

Animal extractive (soluble in water only.) 

Lithic acid. 

Vesical mucus. 

Sulphate of potash. 

Sulphate of soda. 

Phosphate of soda. 

Phosphate of ammonia. 

Chloride of sodium. 

Hydrochlorate of ammonia. 

Phosphates of lime and magnesia. 

Silica. 

* Liebig denies the existence of lactic acid as a constituent of 
urine, and "adds hipparic acid as present in healthy urine. lie seems 
to think that the substance mistaken by Berzelius for lactic acid was 
a nitrogenous resinoid body produced during evaporation together 
with acetic acid. 
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CONSTITUENTS OF URINE. 



Urea.* 

The following process is, perhaps, the best for procuring 
this principle in a separate form : — 

Evaporate urine to the consistence of a strong syrup, and 
then add pure concentrated nitric acid, until the whole mass 
becomes more or less solid. The crystalline matter which is 
now produced consists of nitrate of urea. This must be washed 
from adherent impurities by ice-cold water, and then 
pressed between folds of bibulous paper to dry. These 
crystals are now to be dissolved in lukewarm distilled 
water, and neutralised with carbonate of barytes. This 
mixture is to be evaporated to dryness, and alcohol boiled 
on the dried mass. In this way the urea may be extracted 
from the barytic salt. It may be obtained in colourless 
crystals, by digesting the alcoholic solution with animal 
charcoal, then filtering, and allowing the urea to crystallise 
by spontaneous evaporation. The chemical properties of 
urea are as follows : — 

When heated on platinum foil it fuses ; and if the heat 
be urged is decomposed, yielding fumes of carbonate of 
ammonia. 

It is very soluble in cold water, but more so in warm. 
It gives out a great degree of cold when dissolved in any 
considerable quantity. 

The concentrated solution in water will bear a heat of 
212°, without decomposition; but in dilute solution it 
quickly decomposes at that temperature. 

Alcohol of specific gravity 0-816 dissolves a fifth of its 
weight of urea at 60° Fahrenheit ; when boiling it dissolves 
nearly its own weight. 

It is slightly soluble in ether. The caustic alkalies de- 
compose urea into carbonate of ammonia. 

The nitric oxalic acids combine with urea, forming salts, 

* This important constituent of the urine has been supposed by 
some to form during evaporation. Mons. Cap and Henry believe 
it to exist in the form of lactate. It is neither formed by evaporation, 
nor present as lactate, however, for I have succeeded in separating it 
without evaporation, and that too in a pure state, by agitating urine 
with the common rectified ether of the shops, and evaporating the 
pthereal solution which separates above. 
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more or less insoluble. The crystallization with nitric acid 
forms one of its best distinctive characters. 

Urea possesses neither an acid nor alkaline reaction : its 
crystalline form is that of a four-sided prism, exceedingly 
delicate, and silky in texture. 

Lactic Acid. 

The lactic acid was first stated to exist in the urine by 
Berzelius, who extracted it by the following process : — 

A portion of urine was evaporated to dryness, and alco- 
hol of specific gravity 0-833 boiled on the solid residuum. 

The alcoholic solution was now evaporated, and the 
mass dissolved in water. 

The watery solution was then boiled with a considerable 
quantity of hydrate of lime, till all aramoniacal fumes (from 
decomposing urea) were dissipated ; the hydrate of lime 
now became coloured yellow, owing to the decomposition 
of animal matter. 

The colourless solution was filtered, dried, and then 
treated with alcohol of specific gravity -845. Equal parts 
of strong sulphuric acid and water were now added, gutta- 
tirn, to the alcoholic solution, until sulphate of lime no 
longer precipitated ; the clear liquor being decanted was 
next treated with carbonate of lead, recently precipitated,) 
and was then filtered and evaporated to dryness. 

The residue was treated with oxide of lead and a little 
water, by which means the lactic acid was converted into a 
sub-salt of considerable insolubility. This was collected, 
washed with water, and then decomposed by sulphuretted 
hydrogen.* Thus, sulphuret of lead subsided, leaving the 
lactic acid free in the supernatant liquor, which, by evapo- 
ration, yielded it in the form of an acid yellow syrup, ex- 
ceedingly deliquescent, and incapable of being thoroughly 
dried by heat. 

Its chemical properties are the following: — 

* This is done by suspending the precipitate in distilled water, 
and allowing a jet of sulphuretted hydrogen to pa89 through the 
liquid to saturation. 
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It gives out an acrid odour* when heated, and leaves a 
porous charcoal if the heat be continued. Alcohol dis- 
solves it in all proportions. It is nearly insoluble in ether. 

Its salts are all of a gummy and uncrystallizable nature, 
excepting the lactates of zinc and magnesia, which have 
been obtained in a crystalline form. 

When lactic acid is added to a strong solution of the 
acetates of magnesia or oxide of zinc, the lactates of those 
bases are precipitated. 

Osmazome. 

This is a term used to signify an animal extract, soluble 
both in water and alcohol. Such exists in the urine, and 
may be procured by digesting alcohol of specific gravity 
•833 on an extract of urine ; and after crystallizing the 
urea from the alcoholic solution (by means of nitric acid,) 
separating the uncrystallizable matter, and neutralising it 
with carbonate of baryta: the mass must then be dried, and 
alcohol will now extract the osmazome from the barytic 
salts. t 

Its chemical properties are as follows : — 

When heated it swells much, and leaves a copious alka- 
line carbonaceous mass. J It reddens litmus paper. 

Neither chloride of mercury, nor the acetate of lead, is 
capable of precipitating its watery solution. § 

Both acid and alkaline solutions are incapable of effecting 
any precipitation of this extract from its solution in water. 

Protochloride of tin, nitrate of silver, and di-acetate of 
lead, produce precipitates. 

It may be well to mention, that if anhydrous alcohol be 
digested on this osmazome, it is capable of being divided 
into two portions;, the one soluble and the other insoluble 
in that fluid. 

The property of being precipitated by the diacetate of 

* Not unlike that of the tartrates. 

j This will not be quite pure, but sufficiently so to exhibit its 
properties. 

jp It contains an alkaline lactate. 

§ If these salts produce a precipitate, it is because alcohol has 
been used of higher specific gravity than 0-833. 
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lead, nitrate of silver, and protochloride of tin belongs 
peculiarly to that part of the extractive matter which is 
soluble in anhydrous alcohol. 



Animal Extractive (soluble in Water only.) 

This matter may be procured by dissolving in water an 
extract of urine which has been digested with alcohol of 
specific gravity 0833. By the resolution we separate any 
vesical mucus, lithic acid, earthy phosphate, or silica, which 
may be contained in the mass. The solution is now pre- 
cipitated with acetate of baryta, in order to rid it of sul- 
phuric acid. The sulphate of baryta is collected on a filter, 
and the filtered liquor neutralized with ammonia, and then 
again precipitated with the acetate, which now causes a 
precipitate of phosphate of baryta.* This is to be collected, 
and the filtered liquor evaporated, in order to drive off the 
ammonia ; or what is better, it may be neutralized by acetic 
acid. Neutral acetate of lead is now added to the solution, 
which causes a copious precipitate. This must be collected 
and washed, and then decomposed by sulphuretted hydro- 
gen, which precipitates sulphuret of lead, and leaves the 
animal extractive in solution, which may be obtained by 
evaporation. This extractive is, however, but part of that 
meant to be understood as the " animal extractive soluble 
in water only," so often mentioned in analyses. The re- 
mainder of it may be procured by precipitating the liquor 
(in which the precipitate by neutral acetate of lead subsides,) 
by means of the di-acetate of lead; then collecting the pre- 
cipitate, decomposing it as before by sulphuretted hydrogen, 
and procuring the extractive from the clear liquor. It must 
be remembered that each of these extractives have peculiar 
properties ; perhaps dependent on the processes used to 
obtain them. There is also a portion of animal extractive 
left unprecipitated by the di-acetate of lead. It is easily 
obtained from the liquor by ridding the solution of any lead 

* Both these precipitates produced by acetate of baryta contain 
animal matter, which in the latter case is in very considerable pro- 
portion. 
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which may exist in it by means of sulphuretted hydrogen, 
filtering, and then evaporating to dryness. 

It is a mixture of these three peculiar extractives which 
constitutes the "animal extractive soluble in water only " 
of Berzelius. 

The properties of the extractive matter precipitated by 
the neutral acetate of lead are the following: — 

It is of a brownish colour, translucid, and does not deli- 
quesce ; has no taste, and scarcely affects litmus paper. 

Its solution is rendered cloudy by bi-chloride of mercury, 
and more so by the proto-chloride of tin. 

The extractive precipitable by the di-acetate of lead has 
the following properties: — 

It is of a yellowish-brown colour, has a slightly bitter 
taste, and does not deliquesce. 

The watery solution of this extract is of a deep yellow 
tint. 

It is not precipitable by the solution of bi-chloride of 
mercury, but the proto-chloride of tin, the di-acetate of lead, 
and nitrate of silver, precipitate it of a dark-brown colour. 

The third extractive which was precipitated neither by 
the acetate nor di-acetate of lead, possesses the following 
characters : — 

It is of a yellow colour. Solutions of bi-chloride of mer- 
cury, proto-chloride of tin, and nitrate of silver precipitate 
its aqueous solution. The precipitate produced by the last 
of these reagents is of a dirty yellowish-red colour.* 

Lithic Acid. 

This acid may be procured from the urine by the addition 
of a few drops of strong hydro-chloric acid, which, after 
the lapse of some hours, produces a reddish crystalline pre- 
cipitate of lithic acid. The red colour is caused by an ad- 
mixture of colouring matter of urine ; for pure lithic acid is 
perfectly white. It may be obtained in a pure state from 
the red crystals by dissolving them in caustic potash, and 

* For further examination of these extractive matters, see the ar- 
ticle by Berzelius in his Traite de Chiraie, vol. vii. p. 380. Sur les 
Matieres indeterminees dans l'Urine. 
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then precipitating the solution by the addition of hydro- 
chloric acid. The precipitate may now be collected, and 
washed on a filter. 

For the chemical properties of lithic acid, see the article 
on the analysis of urinary calculi. 

Vesical Mucus. 

This substance always exists in healthy urine, but is 
scarcely to be observed when in normal proportion. It 
may be procured from urine by throwing it on a filter im- 
mediately after evacuation, when we may collect it in trans- 
parent colourless flocculi, which, if allowed to dry on the 
filter, possesses a shining appearance. The addition of 
water, however, immediately restores the original form of 
the flocculi. It possesses the following chemical proper- 
ties: — 

The acetic and nitric acids dissolve it readily, and the 
solution is precipitated by the ferro-cyanuret of potassium. 

Caustic potash dissolves it, and ammoniacal fumes are 
produced. 

It does not dissolve in sulphuric acid. 

When mucus exists in considerable quantity in urine, it 
may be easily recognised by its glairy tenacious appearance. 
It never, therefore, can be mistaken for pus; but when 
small quantities of both are present, we are occasionally at 
a loss to determine the truth by chemical means, and are 
obliged to have recourse to the microscope. When pus is 
present in urine with mucus, we sometimes find it lying on 
the latter, and possessing a yellower tint; it is also opaque, 
whereas mucus is more or less transparent. 

Salts. 

These consist of alkaline sulphates, chlorides and phos- 
phates, the earthy phosphates, and silica. They may all be 
procured for examination by incinerating the urine, if we 
except the hydro-chlorate of ammonia, which becomes dis- 
sipated by calcination, and must be procured by a separate 
process. * I shall first notice the manner of extracting this 

4 
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last-mentioned salt, and then proceed to a general descrip- 
tion of the remainder. 

To extract the hydro-chlorate of ammonia, a portion of 
urine must be exposed during several days, by which pro- 
cess we find a crystallization of various salts to occur at the 
bottom of the vessel. These consist principally of the 
chloride of sodium, hydro-chlorate of ammonia, and ammo- 
niaco-phosphate of soda, mixed with earthy phosphates. 

These crystals may now be collected on bibulous paper, 
the cubes extracted from the other crystals, and dissolved 
in distilled water ; from which they may be re-crystallized, 
in order to rid them of adhering animal matter.* These 
crystals may be recognised as hydro-chlorate of ammonia 
by the following characters : — 

When heated with potash, vapours of ammonia are 
evolved, to be recognised as such by their odour, as well as 
by forming a milk-white vapour if mingled with those of 
hydro-chloric acid. The crystals are volatile, and easily 
sublimed. The solution is precipitated by the addition of 
nitrate of silver. 

The other alkaline salts which may be obtained by in- 
cinerating dried urine are separated from the earthy phos- 
phates and silica by being dissolved in water; the residuum 
can be left for after-examination. The solution may now 
be shown to contain chlorides, phosphates, and sulphates, 
by the addition of solutions of nitrate of silver and nitrate of 
baryta to separate portions of the liquor. 

The nitrate of silver will throw down a copious white 
precipitate, which will be in part only soluble in pure nitric 
acid; thus showing the insoluble chloride of silver and 
more soluble phosphate. If the chloride be allowed to 
subside in the acid solution, and the clear supernatant liquid 
be then poured off, we shall find that on neutralizing the 
nitric acid present by the cautious addition of caustic am- 
monia, we can reproduce the precipitate of phosphate of 
silver, possessing its characteristic yellow colour. 

It now remains to show the presence of sulphuric acid, 

* The chloride of sodium crystallizes from the urine in octahe- 
drons, owing to the existence of urea in the solution. We avoid 
that chloride by selecting the cubes. 
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which is done by adding a solution of nitrate of baryta to a 
second portion of the liquid; when a copious white pre- 
cipitate occurs, consisting of sulphate of baryta, which will 
be found insoluble in strong nitric acid. 

Having thus proved the salts to contain the above acids, 
we must next show the nature of their bases. This may be 
done by adding a solution of carbonate of potash to a por- 
tion of their solution, when we shall find no precipitate to 
occur ; a fact that shows we are operating on alkaline salts. 

We may now direct our attention to the residuum, which 
was insoluble in water, consisting of earthy phosphates and 
silica.* 

The phosphates, consisting of phosphate of magnesia and 
lime, may be separated from the other insoluble ingredient 
by digestion with dilute nitric acid, which readily dissolves 
the phosphates. This solution may be tested for lime with 
oxalate of ammonia (the liquor having previously been nearly 
neutralised by caustic ammonia,) when a precipitate of 
oxalate of lime occurs: this takes some time collecting, and 
it is well to boil it briskly and leave it to cool gradually. 
When the precipitate has quite subsided, if the clear liquor 
be poured off, and then rendered alkaline with ammonia, 
we procure after some time a crystalline precipitate of the 
ammoniaco-magnesian phosphate: thus we ascertain that 
magnesia and lime are the earthy bases. 

If a considerable quantity of urine has been subjected to 
experiment, we now have a residue which consists of 
silica. f 

This is easily recognised by being insoluble in strong 
aqua regia, and forming a perfectly transparent and colour- 
less glass with soda before the blowpipe. 

Having now become acquainted with the reactions of the 
various constituents of the healthy urine, we are prepared 
to enter on the consideration of its quantitative analysis ; a 

* It must be observed, that in order to procure any quantity of this 
residue, it is necessary to employ a large bulk of urine for evapora- 
tion. 

| This has been said to contain traces of fluate of lime; but con- 
firmation is necessary on this point.; indeed, there must be gnat. 
difficulty in proving the presence of a filiate when it exists as a trace, 
and that, too, in combination with silica. 
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subject which, carried to its fullest extent, may be regarded 
as one of the most difficult undertakings of the chemist. 



ON THE QUANTITATIVE ANALYSIS OF HEALTHY URINE. 

It is not my intention to enter deeply into the quantitative 
analysis of the urine, but rather to give the process to that 
extent which is requisite for medical inquiry. I do not 
scruple to assert, that up to the present time, our knowledge 
of animal chemstry is far from adequate to exhibit in a 
separate form all the various constituents of a fluid so com- 
plex and destructible as the urine. The laborious re- 
searches of the much respected Berzelius served but to 
convince him of the futility of an attempt of the kind, and 
he concludes the description of a tedious process with the 
following remark : " Cette marche serait celle a suivre dans 
l'analyse de Purine, telle qu'on peut Pexecuter actuellement. 
Un temps viendra, sans doute ou elle paraitra forte impar- 
faite." 

The following is the quantitative analysis of the urine, as 
performed by Berzelius : — 

Water ..... 933-00 

Urea ..... 30-10 
Free lactic acid ^ 
Lactate of ammonia 
Osmazome ... 
Extractive, soluble in water only - ) 

Lithic acid - - - - 1-00 

Vesical mucus .... 0-32 

Sulphate of potash .... 3-71 

Sulphate of soda .... 3-16 

Phosphate of soda .... 2*94 

Biphosphate of ammonia ... 1-65 

Chloride of sodium - ... 4-45 

Hydrochlorate of ammonia - - . 1-50 

Phosphate of lime and magnesia - - 1-00 

Silica - . - - . 003 



17-14 



This form of analysis involves many troublesome pro- 
cesses for the separation of matters at present unimportant 
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to the consideration of medical inquirers. I shall therefore 
adopt a modification of the above which will be found both 
simple and satisfactory. The form is as follows : — 

Water .... 

Urea - 

Free lactic acid 

Lactate of ammonia - 

Osrnazome - 

Animal extractive, soluble in - 

water only 
Ammoniacal salts 
Alkaline sulphates 
Chloride of sodium 

Phosphate of soda S 

Earthy phosphates and silica - 
Lithic acid ) 

Vesical mucus ) 

By this form of analysis we omit the determination of the 
proportions of lithic acid and ammoniacal salts : the former 
exists in the healthy urine in the proportion of 1-lOlh per 
cent., and the latter also in slight proportion. The pro 
portion of lithic acid may be easily ascertained by using a 
portion of urine for the express purpose; as the addition of 
acid determines its precipitation after a few hours have 
elapsed, and it can then be collected on a filter, washed 
with distilled water, and weighed.* 

The process for fulfilling the formula is as follows, two 
portions of urine of 1000 grains each being requisite for 
that purpose. 

First Portion. — This is evaporated over a steam-bath to 
dryness, and the weight of the residue noted ; which being 
subtracted from the original weight (1000 grains) will give 
the proportion of water present. Alcohol, specific gravity 
•833, is now to be boiled on the dry extract in separate 
quantities, until no further action is exerted by it. By this 

* Hydrochloric acid should be used for precipitating the lithic 
acid, in the proportion of about 1 dram to 1 pint of urine, which must 
be evaporated to half its bulk before the addition of the acid. 
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means we obtain an impure solution of urea, which is to be 
purified as follows: — An extract is first made from the al- 
coholic solution, and then it is re-dissolved in lukewarm 
distilled water ; to this solution oxalic acid is to be added, 
until no more becomes dissolved on heating the liquid to 
200° Fahrenheit. When the liquor cools, a deposit of 
crystals of oxalate of urea occurs, which are impure and dark- 
coloured ; these are collected on a filter, and washed with a 
very small quantity of distilled water. This water, together 
with the mother-liquor, is evaporated to procure any more 
crystals which may exist in the solution ; care being taken, 
if the liquors be not acid, that more oxalic acid is added to 
them at a heat of 200° Fahrenheit, when we shall obtain a 
fresh quantity of crystals on cooling. These crystals, being 
collected together, are dried between folds of bibulous 
paper, then redissolved in water, and neutralised with car- 
bonate of lime ; the liquor is filtered, and the precipitate 
well washed. The filtered liquor and washings, being a 
solution of urea, are then evaporated to dryness over a 
steam-bath, and the extract weighed. Anhydrous alcohol 
should dissolve the whole of this ; and if there be any por- 
tion insoluble in that menstruum, its weight must be de- 
ducted from that of the weighed extract, and thus we ascer- 
tain the exact weight of the urea. 

The residue which resisted the action of alcohol '833 is 
now to be treated with water, which leaves an insoluble 
residue, consisting of vesical mucus, lithic acid, earthy 
phosphate, and silica; this residue is to be dried and 
weighed ; the weight being noted, the mass is to be incine- 
rated in a platinum capsule. The result of the incineration 
is silica and earthy phosphates, the weight of which may 
now be taken. 

The loss of weight by incineration will indicate the pro- 
portion of lithic acid and vesical mucus. 

We have now ascertained from the first portion of urine 
the proportion of the water, urea, lithic acid and vesical 
mucus, earthy phosphates, and silica.* It remains for us 

* It may be remarked, that if any very notable proportion of these 
two latter is observed, their separate weights may be taken by ex- 
tracting the phosphates with dilute muriatic acid, and weighing the 
remaining silica. This, with the previous knowledge of the mixed 
weights, enables us to determine the weight of each. 
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to determine the weight of the alkaline salts and various 
animal extractives ; this is done with the second portion of 
urine. 

Second Portion. — These 1000 grains are to be evaporated 
to dryness over a steam-bath, and the weight of the dry ex- 
tract again ascertained, in order to assure ourselves of the 
correctness of our former experiment. The extract is now 
carefully incinerated and decarbonised in a platinum cruci- 
ble: the weight of the result being taken, and then sub- 
tracted from that of the dry extract, gives us the weight of 
the animal extractives, &c. &c, plus that of the urea, vesi- 
cal mucus, and lithic acid ; but the proportion of these latter 
being already ascertained, we have but to deduct their 
weight to ascertain that of the extractives. 

The weight of the result of incineration, minus that of 
the earthy phosphates and silica, is the weight of the alka- 
line salts. Thus we have fulfilled the formula, which may, 
if required, be further extended by ascertaining the propor- 
tion of each of the alkaline salts.* 

OK THE ANALYSIS OF URINE IN DISEASE. 

The analysis of urine in disease has been practised with 
far more advantage and success than that of the blood in 
its unhealthy condition. This, doubtless, is owing to the 
more frequent opportunities offered to the physician for in- 
specting the urine, and also to the more obvious marks of 
disease presented by that fluid. The most frequently ob- 
served variation from health is that of the existence of a 
deposit, which is generally produced on the fluid becoming 
cool after evacuation, but is sometimes voided with the 
urine in a precipitated state. I shall first notice the chemi- 
cal constitution of these deposits. 

Analysis of Urinary Deposits. 

Most of these deposits are precisely similar in constitu- 
tion to urinary calculi, and therefore the same rules are ap- 
plicable to their analysis. 

Some of the urinary deposits have been arranged accord- 

* Vide Appendix. 



Yellowish or nut-brown sedi- 
ment. - 
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ing to their colour by Dr. Prout ; who notices the following 
varieties : — 

' Lithate of ammonia. 
Colouring matter of urine. 
Earthy phosphates and li- 
thate of soda. 

[ Alkaline lithate. 

„,,.,, , , ... I Colouring matter of urine. 

Reddish-brown or latent!- , Alkaline purpura t e .* 

ous sediments. - | Occasionally, earthy phos- 

[ phates. 

„. , r , ( Lithate of ammonia. 

rink sediments - < n . c 

( Purpurate or ammonia. 

These consist, for the most part, of lithic acid, in com- 
bination with a base. There exists, however, the free li- 
thic acid ; as, 

-r. , „. ,. S Lithic acid. 

Red crystalline sed.ment j Colouring matter of urine. 

We have next to notice the phosphatic sediments, vvhich 
are mostly of a dead-white colour. | 

C Triple phosphate. 
Amorphous sediment - < Phosphate of lime, in vari- 

( able proportion. 

„. „. . .. ) Triple, or ammoniaco-mag- 

Crystallised sediment - J nesian phosphate . 

We must add to these the oxalate of lime deposit, the 
deposits of red corpuscles, of pus, mucus, bile, and cys- 
tine. 

I shall proceed to notice the plan to be adopted in the 
analysis of these deposits, commencing with — 

* Dr. Prout still adheres to the old name for this colouring mat- 
ter. It appears, however, from the researches of Liebig, that the 
purpurate of ammonia is not a salt, but a distinct principle, to which 
he gives the name of murexid. The purpuric acid of Prout is called 
murexan by Liebig. 

f I have occasionally met with the lithates of as pure a white as 
the phosphates. This is by no means common, however. 
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Yellowish or Nut-brown Sediment* 

Consistidg of 

Lithate of ammonia. 
Lithate of soda. f 
Earthy phosphates.^ 
Colouring matter of urine. 

The deposit is to be boiled in distilled water, which ex- 
tracts the lithate of ammonia and lithate of soda, leaving the 
earthy phosphates§ 

For the examination of the earthy phosphates, see the 
article on the analysis of phosphates in healthy urine, 
page 52. 

The aqueous solution is to be evaporated to dryness, and 
a portion of the mass treated with nitric acid ; which, with 
the assistance of heat, yields on drying the purple tinge 
characteristic of lithic acid, which is increased on the ad- 
dition of ammonia : thus we prove the presence of lithic 
acid. 

A second portion of the dried mass is mixed with 
caustic lime on platinum foil ; when vapours of ammonia 
will be observed, known by their odour, and by affording 
a white vapour when mingled with fumes of hydrochloric 
acid : thus ammonia is detected. 

A third portion of the mass is heated to redness on pla- 
tinum foil ; when a residue is obtained, possessing an alka- 
line re-action, and dissolving in distilled water, thus show- 
ing the presence of fixed alkali. This is proved to be soda 
by directing the tip of the inner flame of the blowpipe upon 
it; when the outer flame becomes coloured yellow, which 
is not the case with either potash or lithia. Before finish- 
ing the notice of this deposit, I must state that I have oc- 
casionally detected lithate of lime in it. This was proved 
to be present by the solubility of the deposit in warm dilute 
nitric acid, and the detection of caustic and carbonated 
lime as a result of incineration.— N. B. No effervescence 

* Lithales of lime and magnesia often occur in the nut-brown de- 
posit, in small proportion. 
f This is almost always in small proportion. 
% The phosphate of lime exists in this deposit. 
§ This holds the colouring matter in combination. 
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was produced by the addition of hydrochloric acid to the 
deposit previous to incineration. No oxalate of lime was 
present, to whose decomposition the carbonate of lime (of 
incineration) might be attributed. 

Reddish-brown or Lateritious Sediment, 

Said to consist of 

Alkaline lithate. 

Colouring matter of urine. 

Alkaline purpurate. 

Earthy phosphate (occasional.) 
The deposit is first to be boiled in a considerable quan- 
tity of distilled water, which leaves undissolved any earthy 
phosphate w T hich may be present. The lithate and colour- 
ing matter are held in solution. 

The presence of the lithate may be proved as in the first 
described deposit, the presence of soda being particularly 
sought for. 

Pink Sediment, 

Said to consist of 

Lithate of ammonia, coloured by 

Purpurate of ammonia. 
The existence of lithate of ammonia in this deposit is to 
be proved in the way described above for the examination 
of the yellowish sediments. For an account of the colour- 
ing matter, see Appendix. 

Red Crystalline Sediment, 

Consisting of 

Lithic acid, 

Colouring matter of urine. 
This deposit may be proved to consist of lithic acid, by 
yielding all the re-actions mentioned in the article on the 
examination of lithic acid calculi. 

The colouring matter may be separated by boiling the 
sediment in distilled water. 
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Amorphous Sediment, 
Consisting of 

Ammoniaco-magnesian phosphate. 
Phosphate of lime. 

This sediment may by known by the following chemical 
characters : — 

It is insoluble in water. 

It readily dissolves in the dilute acids, from which it is 
precipitated on the addition of ammonia. 

It yields ammoniacal fumes, when treated with caustic 
potash. 

Its solution in acid, if it be first nearly neutralised 
with ammonia, yields a white precipitate of oxalate of lime 
when tested with a solution of oxalate of ammonia ; and if 
after the subsidence of this precipitate we pour off the clear 
liquor, and test it with ammonia, we shall perceive, after 
some time has elapsed, a crystalline precipitate of triple 
phosphate to occur in the liquor : thus we prove lime and 
magnesia to be present. 

The phosphoric acid is shown to exist in the solution by 
the re- actions of nitrate of silver. See p. 50.* 

Crystallised Sediment, 

Consisting of 

Ammoniaco-magnesian phosphate. 

This dissolves in acids, and is precipitated from its acid 
solution by the addition of ammonia, like the preceding de- 
posit ; but does not yield a precipitate on the addition of 
oxalate of ammonia to the nearly neutralised solution in 
acid, in consequence of having no lime in its constitution. 
This is its best distinguishing characteristic. 

As with the preceding sediment, ammonia is evolved 
when it is treated with caustic potash. 

Oxalate of Lime Sediment. 

This deposit maybe known by the following characters: 
viz. 

* This amorphous sediment frequently simulates pus in appear- 
ance ; but may be easily distinguished, the latter being dissipated be- 
fore the blowpipe. 
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It is insoluble in water and warm dilute nitric acid. 
When heated before the blowpipe on platinum foil, it leaves 
a residue of carbonate of lime, which may be known as 
such by its insolubility in water, solubility with effervescence 
in dilute acids, and precipitation from this solution by oxa- 
late of ammonia.* 

Red Corpuscles. 

This sediment, when present in small proportion, requires 
the use of the microscope for detection ; when in large pro- 
portion, it can never be mistaken, on account of its pecu- 
liar colour. It may sometimes be identified by the pro- 
perty it possesses of becoming of a very bright red colour, 
when treated with a concentrated solution of chloride of 
sodium. The deep porter colour occasionally observed in 
urine may frequently be traced to the existence of red cor- 
puscles in suspension. 

The existence of pus and mucus as a deposit in urine 
is of very common occurrence. I have before stated, that 
when in small proportion it becomes a matter of difficulty 
to discriminate, and we are obliged to use the microscope 
in order satisfactorily to determine their presence.! 

Biliary Sediment. 

This frequently remains on the filter through which 
jaundiced urine has passed. It consists of the yellow co- 
louring matter of bile. Its properties are as follow : — 

It is insoluble in water. 

It dissolves readily in caustic potash. 

When dilute muriatic acid is thrown on it, a fine green 
colour is produced. 

The addition of strong nitric acid produces a red colour. 

* These three experiments can be made in a watch-glass or small 
test tube, without removing the result of the blowpipe experiment, 
which may be a very minute quantity. First, the water is added, 
which has no solvent action ; secondly, the addition of acid to this 
water causes effervescence and solution ; and thirdly, the addition of 
oxalate of ammonia throws down a precipitate. 

f When pus is present in quantity, it frequently simulates the 
phosphates, but may be distinguished by the addition of caustic po- 
tassa in solution, when, if pus be present, the whole mass of deposit 
becomes mucoid and tenacious. This excellent test was proposed 
by Dr. Babington. 
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Cystine. 

This deposit may be known by the following properties: — 

It dissolves in caustic ammonia, and is precipitated from 
this solution by acetic acid. 

It is insoluble in alcohol, water, and solution of car- 
bonate of ammonia. 

It is soluble in the nitric and hydrochloric acids. 

It is soluble in the caustic fixed alkalies, and in their 
carbonates. 

Braconnot gave the name of Cyanourine to a colouring 
matter he detected in the urine. It has not been observed 
in connection with any particular form of disease. It tinged 
the whole urine of a blue colour. 

The following are its characters, according to Bracon- 
not: — 

It is tasteless, void of odour, darker than prussian blue, 
and in a very finely divided powder. 

When heated, it yields carbonate of ammonia and era- 
pyreumatic oil. 

It is slightly soluble in water and boiling alcohol. This 
alcoholic solution is green, and on cooling, it deposits a 
dark blue powder, having a crystalline appearance. 

This powder is dissolved by the acids, and is thus turned 
to a red colour. 

Its solution in dilute sulphuric acid yields a fine carmine 
colour on evaporation to dryness ; and this residue is ren- 
dered brown by solution in water, but resumes its carmine 
tint on evaporation to dryness. 

When the red acid solutions of this colouring matter are 
neutralised with alkali, the original blue colour is restored, 
and a precipitate produced. 

Caustic potash acted but little on this blue colouring 
principle, and carbonate of potash had not the slightest 
effect upon it.* 

Other sediments have been described of a black colour 
by Drs. Marcet and Prout. These, however, are very rare. 

* This bine urine was most probably caused by the presence of 
some vegetable colouring matter, more or less modified by passing 
through the kidney. 
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Prussian blue has also been observed as a precipitate in 
urine, but always, I believe, in cases in which iron, in some 
form, had been exhibited internally.* 

ON THOSE DISEASED CONDITIONS OF URINE NOT NECESSARILY 
CAUSING SEDIMENTARY DEPOSITS. 

There are such considerable variations occurring in the 
proportions of the ingredients of urine voided at different 
periods of the day, that it is exceedingly difficult to draw a 
determinate line, as to what shall be considered a healthy 
or morbid proportion of any single constituent of the fluid. 
There are, however, excessive cases of variation which 
claim our attention. If it be the wish of the physician to 
note such deviations of proportion, he can accomplish his 
object by making the quantitative analysis as for healthy 
urine. 

When, however, the secretion becomes admixed with 
matters foreign to its healthy constitution, we must employ 
a method of quantitative analysis very different from that 
applicable to healthy urine. 

I shall proceed to describe the examination of urine by 
re-agents, both for the detection of an excess of any ingre- 
dient, or for the discovery of any principle not met' with in 
healthy urine. 

There are many medicines and vegetable colouring mat- 
ters that are to be detected in the urine of those who may 
be using such, either medicinally or as articles of diet; and 
as these are apt to perplex the inquirer in his observations 
on the diseased or even healthy fluid, I shall append to the 
examination by re-agents a short account of such re-actions 
as are displayed by various matters foreign to urine in a 
pure state. I shall, lastly, notice the quantitative analysis 
of diseased urine. 

ON THE USE OF RE-AGENTS IN THE EXAMINATION OF URINE. 

Nitric Jcid.—l. This re-agent is exceedingly useful in 
the discovery of albumen. If a few drops be added to 

* The microscopical figures of the urinary sediments are (riven at 
the commencement of the work. 
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urine containing that principle, we have a precipitate pro- 
duced of a dead white colour. 

2. This re-agent is also used to discover whether the 
urine contain lithic acid ; but some hours are generally 
necessary for the production of this precipitate, which, if it 
fall in small quantity, is found adherent to the sides of the 
vessel used for experiment.* 

3. The colouring matter of the bile (which exists in solu- 
tion as well as in the form of a sediment) is precipitated 
from the urine by this re-agent : the precipitate is of a green 
colour ; but if an excess of nitric acid be added, it is quickly 
changed to a dingy red, and, finally, to a brown. f 

4. When any great excess of urea exists in the urine, it is 
easily detected by placing a portion of the fluid in a watch- 
glass, and adding to it an equal bulk of nitric acid, which 
(if urea be present in a large proportion) will produce a 
speedy crystallisation of nitrate of urea. This test was first 
introduced by Prout, but it requires care in its application ; 
because the heat of the atmosphere, being subject to varia- 
tion, will cause an equal variation in the time required for 
crystallisation, even in identical specimens of urine. 

Prout states, that when the specific gravity of urine is 
above 1-025 or 1-030, this crystallisation is frequently ob- 
served : but it is certain that a much higher specific gravity 
may exist without the urine possessing the property of be- 
coming crystallised with nitric acid before evaporation ; for 
Berzelius examined a specimen of urine of specific gravity 
1-030, which, even when evaporated to three-fourths its 
original bulk, failed to yield crystals on the addition of 
nitric acid. This test requires attention to the atmospheric 

* In some fevers, the addition of nitric acid to the urine produces 
a large prec pitate of lithic acid, and that of so white a colour that it 
closely simulates alhumen. It may be distinguished, however, by 
being produced equally by the addition of hydrochloric acid, which 
is not the case with albumen. 

t This re-action does not take effect unless a considerable propor- 
tion of colouring matter be present. If it be required to detect 
minutpr proportions, we must evaporate the urine to dryness, and 
boil anhydrous alcohol on the extract. This alcoholic solution con- 
tains the colouring matter; and by evaporation we can procure it, and 
then detect its presence by nitric acid, as above described. 
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temperature ; and also a practical knowledge of the effects 
produced upon healthy urine by nitric acid, an equal bulk 
of the latter being always used in testing. 

Solution of Caustic Ammonia. — The proportion of earthy 
phosphates may be ascertained by the addition of this re- 
agent. A white precipitate is formed, which may be col- 
lected and washed on a filter with distilled water. The 
precipitate consists of phosphate of lime and magnesia with 
ammonia. 

Solution of Ferrocyanuret of Potassium. — This is a very 
delicate test of albumen in urine ; but always requires the 
previous addition of a few drops of pure acetic acid. 

Solution of Mum causes a white precipitate in urine con- 
taining albumen.* 

Hydrochloric Acid, like nitric acid, precipitates the lithic 
acid from urine, as also the colouring matter of bile ; and 
is rather to be preferred, since it is less likely to exert a 
solvent action on the lithic acid, and likewise preserves the 
characteristic green colour of the biliary matter, which the 
nitric acid soon changes to brown, if any excess of the acid 
be present. 

Turmeric Paper changes from yellow to brown if mois- 
tened with alkaline urine, acid fluid exerting no re-action 
upon it. 

Litmus Paper (blue.) — This is used to test the urine for 
acidity, being changed to a red colour if moistened with an 
acid specimen. Alkaline urine has no re-action on this 
paper. 

Solution of caustic potash, boiled with an equal bulk of 
urine, is an excellent test for the presence of sugar, render- 
ing the mixture of a dark rich brown colour if that principle 
be present. This test was proposed by Mr. Moore. 

* If albuminous urine be boiled, we have coagulation produced, 
which is very significant of the presence of albumen : but nitric acid 
should be used as a test in conjunction with ebullition ; for the earthy 
phosphates are sometimes precipitated by boiling, and become a 
source of fallacy. It has often occurred to me, to prove the phos- 
phates present when the precipitate procured by boiling was con- 
sidered albuminous. 
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EXTRANEOUS PRINCIPLES IN URINE. 

The urine frequently presents the various odours and 
colours of vegetable matters which have been taken into 
the stomach ; and the examiner must be on his guard 
against being deceived by such appearances. Thus, I have 
known a patient on the point of being treated for haematuria, 
when the urine falling under my observation, I discovered 
the red coloration to proceed from the presence of a vege- 
table matter. On inquiry, the patient stated that he had 
been eating a salad, of which beetroot was an ingredient, 
during the last eight or ten days of his medical friend's 
visits. 

I have also had occasion to observe the production of a 
deep brownish colour in the urine when vegetable infusions 
have been administered as medicines. This is almost 
always the case when the pyrola umbellata has been ex- 
hibited. 

These vegetable colouring matters are at once distin- 
guished by adding a solution of caustic potash to the tinctured 
urine, when a green colour is produced, which is destroyed 
on super-saturating the alkali with an acid, the original tint 
being festored.* 

Tannin, which exists in many vegetable matters used as 
remedial agents, is capable of entering the urine. In this 
case we find the fluid strikes a dark colour with per-salts 
of iron. 

Mercury has been said to exist in the urine of those who 
use frictions with mercurial ointments. This observation 
was made by Cantu, who obtained metallic globules from a 
sediment. I had occasion to examine the urine of a 
person who was salivated from large doses of calomel, but 
could not discover any trace of mercury in it. Arsenic and 
antimony have also been detected by Orfila in the urine of 
poisoned persons. 

Iodine always exists in the urine of those who take it in- 

* In a case of poisoning by sumach, which lately came under my 
notice at Guy's Hospital, I found the urine highly impregnated 
with vegetable colouring matter. 
5 



66 URINE IN DISEASE. 

ternally. I detected it in the urine of an individual who 
had taken only one grain of the remedy, and that in three 
separate doses of one third of a grain each. The process 
for the detection of iodine in urine is the following : — 

A portion of the suspected fluid is evaporated to dryness 
over a water-bath, and the residue re-dissolyed in a small 
quantity of distilled water. 

This solution must be filtered, and treated with about 
one eighth part of strong sulphuric acid. If a solution of 
starch now be added to the liquor, we shall observe a fine 
blue colour if iodine be present. This colour is sometimes 
to be heightened by the careful addition of chlorine water, 
guttatim. Iodine is frequently to be detected in urine, 
simply by mixing that fluid with the above-mentioned pro- 
portion of strong sulphuric acid, and then suspending over 
the containing vessel a piece of bibulous paper, which 
has had a solution of starch dried upon it. In this way the 
fumes rise, and, combining with the starch, form the deep 
blue so characteristic of iodine in a free state.* 

Tartaric, Citric, and Malic rfcids have been observed in 
the urine in combination with lime ; they then exist as a 
deposit. The method of distinguishing these will be given 
in the Appendix. 

Having now noticed the method of detecting the presence 
of various matters which are foreign to the healthy urine, I 
shall proceed to describe the means best adapted for per- 
forming the quantitative analysis of two very common forms 
of diseased urine, viz. the albuminous and saccharine. 

QUANTITATIVE ANALYSIS OF ALBUMINOUS URINE. 

It is requisite in this examination to use a distinct portion 
of urine, in order to ascertain the quantity of urea which 
may be present. In this form of diseased urine we fre- 
quently find that principle in an exceedingly minute pro- 
portion, and it is consequently very liable to escape obser- 

* I once digested alcohol on an extract of urine containing iodine 
in combination; but the alcoholic solution which I procured yielded 
no evidence of that body, when tested as above. This seems to 
show that in the urine the salt containing iodine is not an iodide, but 
probably an iodate. 
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vation. The urine for analysis is therefore divided into two 
portions, of equal weight. 

First Portion. — This is accurately weighed, and then 
evaporated to dryness over an open steam-bath, and the re- 
sidue treated with boiling alcohol, specific gravity 0-833. 
The alcoholic solution is now to be evaporated, and the ex- 
tract so obtained redissolved in distilled water. 

This aqueous solution is concentrated until it assumes the 
consistence of a syrup. It is then to be mixed with half 
its bulk of pure nitric acid, and placed in a freezing mix- 
ture capable of lowering the temperature to 32° Fahren- 
heit.* By this means we produce a crystallisation of the 
nitrate of urea, and we can then abstract the crystals, which 
are to be treated as described in the article on the analysis 
of diseased blood, page 36., in order to ascertain the pro- 
portion of urea. 

Second Portion. — This is to be weighed, and then eva- 
porated to dryness ; the weight of the extract being ascer- 
tained, we are enabled to determine the proportion of water 
by subtracting the weight of extract from the original weight 
of the fluid. This extract is now to be treated with boiling 
distilled water, and the mass thrown on a filter ; the inso- 
luble portion (consisting of albumen, lithic acid, earthy 
phosphate, and vesical mucus) is to be washed with warm 
distilled water, until that fluid exerts no further solvent 
action. This may be ascertained by occasionally testing the 
percolating fluid with nitrate of silver, which, if it do not 
affect the liquid, shows that the washings have been suffi- 
cient.! We thus procure a filtered liquor a, and a resi- 
due B. 

a. The filtered liquor is evaporated to dryness and weigh- 
ed ; its weight being ascertained, it is next incinerated in a 
platinum capsule, over a circular-wicked lamp, until all the 
organic matter is dissipated. The weight of the decar- 

* Such a freezing mixture is easily made, by keeping a mixture 
in readiness composed of equal weights of nitre and sal ammoniac ; 
two and a half ounces of which, when mixed with one fourth of a 
pint of water, produce the effect required. 

f The extract should be quite dry before we add Ihe boiling water, 
otherwise a portion of albumen will always remain in the filtered 
solution. 
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bonized salts may now be taken; and by subtracting thisfrom 
the weight of the extract from the filtered liquor, we obtain 
the weight of ammoniacal salts, animal extractive, and urea 
together : but as the weight of the latter is already known, 
we can, by subtracting, determine the exact weight of the 
animal extractive and ammoniacal salts. Thus, we have 
already ascertained the proportions of 

Water - - - 

Urea - - - - 

Animal extractives, lactic acid, and ammoni- ) 

acal salts - - - 5 

Alkaline sulphates, phosphates, and chlo- ) 

rides - - . - 3 

In order to finish the formula, we must now determine 
the proportions of albumen, lithic acid, and earthy phos- 
phates, which is performed with the residue b. 

The mass is removed from the filter, and its proportion 
deduced from our previous knowledge of the weight of the 
extract of urine, and also the weight of the matters con- 
tained in the filtered solution : by subtracting the latter from 
the former, we obtain the weight of the residue b as a re- 
sult. Nitric acid, diluted with about six times its bulk of 
water, is now poured on the albuminous mass, and gentle 
heat applied for about fifteen seconds. The acid must then 
be poured off, evaporated to dryness*, and incinerated; the 
weight of the result now indicates the proportion of earthy 
phospate, which, if subtracted from the weight of the al- 
buminous mass, gives us the weight of the albumen and li- 
thic acid together. By this process then we have executed 
the following formula : — 



. * Lithic acid, if present, can be detected during this evaporation 
by its re-action with nitric acid. It is not always to be satisfactorily 
discovered in these cases of albuminous urine. I have always in 
these examinations obtained an especial result for determining the 
proportion of the lithic acid by usingr for the purpose a portion of 
urine deprived of its albumen by boiling-, then evaporating to a quar- 
ter's bulk, and adding hydrochloric acid as a precipitant, which 
throws down the lithic acid after a few hours. 
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Water - 

Urea - 

Animal extractives, lactic acid, and ammo- ) 
niacal salts - - - \ 

Albumen, with lithic acid and vesical 
mucus - 

Alkaline sulphate, phosphate, and chlo- 
ride .... 

Earthy phosphate* ... 

QUANTITATIVE ANALYSIS OF URINE CONTAINING SUGAR. 

The great difficulty to be overcome in this examination 
is that of determining the proportion of urea ; for the sugar 
with which it is admixed completely prevents the crystal- 
lization on the addition of nitric acid. There seems little 
doubt that many specimens of diabetic urine have been 
stated to contain no urea, when that principle has been 
present in considerable quantity. Mr. Kane made some ex- 
periments on this subject, from which he concluded that 
urea is voided by diabetic patients in the same quantity per 
diem as by healthy individuals. His method of detection 
was by plunging the fluid, mixed with nitric acid, into a 
freezing mixture, formed with ice and common salt ; at this 
temperature a crystallization of nitrate of urea occurred. 

In this examination it is best to divide the urine into 
three portions of equal weight. 

First Portion. — This, after being weighed, is evaporated 
to dryness over a steam-bath ; the dry residue is then to be 
treated with boiling alcohol, specific gravity -833 until it 
exerts no further solvent action. 

This alcoholic solution, after filtration, is evaporated to 
dryness, and then re-dissolved in distilled water. The 
aqueous solution is now evaporated to the consistence of a 
thin syrup, and plunged into a freezing mixture,! where it 

* There is a variety of urine called by Prout chylo-serous urine. 
It contains a large quantity of fats in suspension. This urine may 
be cleared of fatty matter by agitation with ether, and then examined 
for other ingredients in the same manner as albuminous urine. 

f That of ice and common salt is better for this experiment than 
the nitre and sal ammoniac before mentioned ; but if ice cannot be 
procured, the salts must be substituted. For further account of this 
urine vide Appendix. 
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is to be mixed with its own bulk of a solution in equal 
parts of pure nitric acid and water. Crystallization will 
now occur if urea be present ; and in this way it may be 
presumed that we can remove nearly the whole of the prin- 
ciple. It is, however, but fair to mention in our analysis, 
that a portion of urea probably exists in combination with 
the diabetic sugar. The nitrate of urea obtained as above 
must be treated in the same manner as that from healthy 
urine, in order to ascertain the proportion of urea present. 

Second Portion. — This must be carefully weighed, and 
then evaporated to dryness; in this way we can ascertain 
the weight of water and solid extract. The extract is now 
to be treated with boiling water, which dissolves nearly the 
whole, leaving only a small residue of vesical mucus and 
earthy phosphate. 

The weight of this residue being taken, we can by in- 
cineration determine the proportion of the phosphate (as a 
result) and vesical mucus (as the loss by incineration.) 
The aqueous solution is now to be evaporated to dryness, 
and the weight of the extract taken.* 

This mass is to be incinerated and decarbonised in a 
platinum crucible, when the weight of the residue is that of 
the salts, and the loss of weight by incineration minus that 
of the urea gives exactly the proportion of animal ex- 
tractives, lactic acid, lactate of ammonia, and sugar. Thus, 
we can fulfil the following formula : — 

Water -.-.-'- ■■• , - 

Urea ------ 

Animal extractive, lactic acid, lactate of am- ) 

monia, and diabetic sugar, with probably a > 

small portion of urea in admixture - j 

c, u c • • .• ( Alkaline, sulphate, phos- ) 

Salts of incineration { L * li • i ? 

( pnate, chloride ) 

Earthy phosphate - 

Tr • i ( With perhaps a trace ) 

Vesical mucus < n-.i- i ? 

I ot Jithic acid - ) 

Third Portion. — This is to be used for the purpose of 
determining the weight of sugar present, which is done by 

* This weight might be deduced ; but in all these experiments 
we can scarcely weigh too often. 
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pouring it into a retort in admixture with a small proportion 
of yeast, and placing the nozzle of the retort under an in- 
verted and graduated jar filled with mercury. In this 
manner we can collect the carbonic acid produced by the 
fermentation of the sugar, and may estimate its quantity at 
a grain for every cubic inch of gas produced. This mode 
of calculating will be found sufficiently accurate for all 
practical purposes. 

The weight of the sugar being ascertained, we may now 
subtract it from the other matters soluble in alcohol, with 
which it is mentioned in the formula, and it may be entered 
as a separate constituent in the analysis. 
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ANALYSIS OF URINARY CALCULI, 

The examination of urinary calculi is very easily per- 
formed. We may divide the substances entering into their 
composition into two classes. 

Firstly, those whose texture and composition become 
destroyed by a red heat ; and, secondly, those capable of 
resisting heat, and whose composition remains unaltered 
after the action of that agent. 

The first class contains the following substances : viz. 

Lithic acid. 

Lithate of ammonia. 

Oxalic acid (existing as oxalate.) 

Albuminous animal matter. 

Dried blood. 

Cystine, or cystic oxide. 

Xanthic oxide. 

Fibrinous calculus. 

Ammonia (separated from phosphate of magnesia.) 

The second class is not quite so numerous; containing as 
follows : — 

Phosphate of lime. 

Phosphate of magnesia. 

Carbonate. of soda (resulting from heating the lithate.) 

Carbonate of lime. 

Carbonate of lime, mixed with caustic lime (resulting 

from the decomposition of oxalate and lithate of 

lime by heat.) 
Silica. 

We sometimes find that lithic acid exists in combination 
with magnesia, but this is generally in an exceedingly 
small proportion. I have therefore abstained from men- 
tioning it in the list of constituents. 

I shall now proceed to describe the properties of each 
constituent, in the order observed in the list, commencing 
with the lithic acid. I shall then go through each step in 
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the analysis of a calculus compounded of all the substances 
ordinarily contained in urinary concretions. 

CLASS I. — THOSE CONSTITUENTS OF URINARY CALCULI WHICH 
ARE DESTRUCTIBLE BY A RED HEAT. 

Lithic Acid. 

This form of calculus is more commonly met with than 
any other ; it is generally of a yellowish-brown colour, and 
smooth on the surface : the brown coloration is owing to an 
admixture of animal matter, since the lithic acid, when 
pure, is perfectly white.* We usually find that calculi of 
this description are formed of very distinct concentric 
layers. Lithate of ammonia, soda, or potash occur, mixed 
with this form of concretion ; and the lithate of lime has 
also been observed. 

The following are the chemical properties of lithic acid : — 

It is insoluble in water. 

It is easily soluble in a solution of caustic potassa, and is 
precipitated from this menstruum by the addition of an acid, 
in a granular and colourless state. 

It is dissolved by nitric acid with effervescence ; and, by 
careful evaporation to dryness, yields a red or rather pink 
colour,! which becomes of a fine violet tint when ammonia 
is dropped on it, or even when it is subjected to the action 
of strong ammoniacal fumes. This reaction of ammonia is 
very useful, inasmuch as it prevents the yellow stain which 
many animal matters produce with nitric acid from being 
mistaken for the re-action of lithic acid. In the former 
case, the ammonia increases the yellow tinge to an orange 
colour, which is very distinct from the violet tint of mu- 
rexid. 

Before the blowpipe this substance emits a fetid smell of 
burnt horn, mixed with an odour approaching to that of 
hydrocyanic acid. 

* It has been said that lithic acid never occurs in its pure slate in 
urinary calculi. This is what we should expect; but I once met 
with a calculus, the nucleus of which was composed of colourless 
lithic acid. 

f Owing to the formation of murexid. 
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Lithate of Ammonia. 

This substance has several times been observed forming 
whole calculi; these, however, are generally small ; they 
are of a clay colour, with a smooth external surface. Their 
fracture is more earthy than that of the lithic acid variety. 

Though it is very rarely that we meet with a calculus 
formed entirely of lithate of ammonia, yet a large majority 
of calculi contain that lithate in small proportions. Its 
properties are as fellows : — 

It is very soluble in boiling water, but much less so in 
that fluid when cold. 

It is soluble in the solutions of alkaline carbonates. 

With nitric acid it reacts in the same manner as lithic 
acid. 

When suddenly heated on platina foil, it crepitates 
strongly. 

When treated with potash, it yields vapours of ammonia. 

The solubility of this substance in boiling water and 
solutions of alkaline carbonates sufficiently distinguishes it 
from the lithic acid. 

Oxalic Acid. 

This acid always exists as oxalate in urinary concretions; 
and the oxalate of lime is the only combination that has yet 
been detected in them. Calculi composed of oxalate of 
lime, either entirely or in great part, are of very frequent 
occurrence, and form the variety known by the name of the 
mulberry calculus, in consequence of its tuberculated exte- 
rior, presenting the appearance of that fruit. These calculi 
are generally of a dark brown colour. When sawn through 
and polished on the internal surface, we perceive an internal 
arrangement much resembling that of the fortification-agate, 
owing to a succession of conformable deposits taking place 
on the originally tuberculated surface. The chemical pro- 
perties of oxalate of lime are as follows : — 

It is insoluble in cold nitric and hydrochloric acids, but 
dissolves when boiled with these acids in a concentrated 
state ; by long digestion, however, in cold hydrochloric acid, 
the powdered calculus becomes dissolved. 
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When boiled with a solution of carbonate of potash, it 
becomes decomposed, forming carbonate of lime and oxa- 
late of potash. 

Before the blowpipe, on platinum foil, this calculus be- 
comes charred, emits a fetid smell (caused by decomposing 
animal matter ;) and if the heat be continued, a white ash 
remains, possessing an alkaline reaction, and capable of 
effervescing with the acids, owing to the formation of a 
portion of carbonate of lime, varying in quantity according 
to the heat employed for calcination : the alkaline reaction 
above mentioned is attributable to the presence of caustic 
lime. 

This variety of calculus is easily distinguishable by the 
fact of its effervescing in dilute acids after calcination, and 
its insolubility and refractory character, previous to the ap- 
plication of heat. 

We occasionally meet with a form of the oxalate of lime 
calculus, the external surface of which is perfectly smooth 
and polished. These calculi are very small ; seldom more 
than half the size of an almond, of an oval form, and known 
as the hemp-seed calculus. I have examined but one spe- 
cimen of this variety of concretion. 

Calculi occasionally occur, having their surfaces stud- 
ded with octahedral crystals of oxalate of lime. I first pub- 
lished an account of such a calculus with a description of 
the crystals, in the Guy's Hospital Reports for October, 
1837. Dr. Bird has since described octahedral crystals of 
oxalate of lime as occurring in the urine — these insoluble 
octahedra had been before noticed by Vigla, but not de- 
scribed as the oxalate. 

Albuminous Animal Matter and dried Blood. 

The former of these is constantly present, in greater or 
less proportion, in every kind of calculus. It exists in con- 
siderable quantity in calculi composed of lithic acid or the 
phosphates. 

It has been a matter of doubt whether the deeper tints 
of colour observed in calculi be not owing to some form of 
animal matter distinct from dried blood, and though it is 
not very easy to form an opinion by the examination of 
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these matters, as presented to us in calculi, I feel pretty con- 
fident that blood is the only colouring matter capable of 
producing the deep tints observed in many varieties of 
calculus. 

There is also a peculiarity of colour, which a practised 
eye immediately seems to recognise as the appearance put 
on by blood coagulated by heat ; and I would beg the 
reader, on the first opportunity, to boil some diluted serum 
with red particles in admixture, when he will find that, ac- 
cording to the quantity of red particles present, he can pro- 
duce modifications of colour exactly resembling those ob- 
served in the varieties of dark-coloured calculi. To this 
we may add, that from some calculi possessing such a co- 
lour, we can extract hsematosine from the external layers. 

The albuminous animal matter contained in calculi has 
the following characters: — 

It is insoluble both in cold and boiling water. 

When treated with a solution of caustic potassa it dis- 
solves, but may be precipitated from this alkaline menstruum 
by means of hydrochloric acid. It produces a fine yellow 
colour when boiled with nitric acid, and yields all the well- 
known re-actions of albumen. 

Cystine, or Cystic Oxide. 

We are indebted to Wollaston for the discovery of this 
substance. It is of rare occurrence in the human species, 
but is frequently met with in the dog. The larger kind (of 
which there is a beautiful specimen in the museum of Guy's 
Hospital) is semi-crystalline, and not unlike stearine in ap- 
pearance ; there is a slight greenish tinge, and a radiated 
texture of a very peculiar character, observable throughout 
its section. The smaller kind (as those met with in the 
dog) are not distinctly crystalline, but solid and compact, 
and frequently want the greenish tinge peculiar to the larger 
and apparently more completely formed variety. Wollas 
ton's reason for giving the name of cystic oxide to this sub 
stance was, that he considered it peculiar to the bladder 
This, however, is not the case ; for it has been observed ir 
the kidney by Dr. Marcet. Dr. W. chose to call it an ox 
ide, because it resembled some few of that class of sub 
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stances in being soluble in both acids and alkalies, the term 
cystine is however more appropriate. Cystine exists in 
calculi in a perfectly pure form ; the only compound calcu- 
lus, containing cystine as a constituent, is contained in 
the collection of Guy's Hospital. 

It may be procured in crystals, by allowing its solution 
in caustic ammonia to evaporate spontaneously. We can 
then observe the crystalline form to be that of flattened, 
hexagonal prisms. Its chemical properties are as fol- 
lows: — 

It dissolves in dilute nitric, hydrochloric, sulphuric, oxa- 
lic, and phosphoric acids ; but will not combine with the 
tartaric, acetic, or citric acids. 

It is dissolved by caustic ammonia; but not by the car- 
bonate of that alkali. 

The fixed caustic alkalies, as also their carbonates, 
readily dissolve it. 

When nitric acid is evaporated on cystine, a dark-brown 
colour is produced. 

It is insoluble in alcohol ; and water exerts but a feeble 
solvent action. 

If it is wished to precipitate cystine from its solution in 
acids, the carbonate of ammonia is best for that purpose ; 
if from its solution in alkalies, the acetic acid is the best we 
can employ. 

The following method of proving the presence of cys- 
tine has'been proposed by Liebig: — Dissolve the calculous 
matter in caustic potassa, then add a solution of acetate of 
lead in such proportion that the oxide of lead shall not pre- 
cipitate, but be retained in solution by the excess of po- 
tassa. This liquor becomes black when boiled if cystine 
is present, — a re-action dependent on the presence of sul- 
phur in the cystine. 

Before the "blowpipe it is consumed, yielding a very pe- 
culiar fetid smell. 

Cystine may easily be distinguished from the other com- 
ponents of calculi, by its being soluble in dilute hydro- 
chloric acid, and also in the solution of carbonate of potash. 
Its very peculiar odour, when heated on platinum foil be- 
fore the blowpipe, forms likewise a good distinguishing 
characteristic. 
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Xanthic Oxide. 

This calculus was first observed by Dr. Marcet, and has 
since been noticed by other chemists. When reading the 
re-actions described by Dr. M., we recognise many of the 
characters of lithic acid. The action of nitric acid on xan- 
thic oxide is what I have more than once had occasion to 
observe in lithic acid calculi containing much albuminous 
matter.* Stromeyer found this substance in a calculus. 
The chemical characters described by Marcet as peculiar to 
this substance accord pretty completely with those of lithic 
acid, except in its affording a yellow colour when heated 
with nitric acid ; which colour becomes changed to a red- 
dish tint on being treated with potash. 

Before the blowpipe this calculus decrepitates, and is 
said to give out a peculiar odour, unlike that of cystine or 
lithic acid ; it leaves a slight ash when perfectly incine- 
rated. 

Professors Wohler and Liebig have lately examined a 
specimen of this calculus. It is stated to differ from lithic 
acid in not yielding urea by ignition in a close tube, and by 
dissolving in nitric acid without evolution of gas.f 

Fibrinous Calculus. 

It has been before mentioned that every species of cal- 
culus (except, perhaps, that composed of cystine) contains 
an animal matter of an albuminoid character. The calcu- 
lus now under consideration appears, however, to consist 
entirely of this substance. 

* In the seventh volume of the Traite de Chimie of Berzelius we 
find the following passage concerning the re-actions of the xanthic 
oxide: — "Sans vouloir pretendre que l'oxide xantique etait simple- 
ment de l'acide urique, ou de l'urate ammonique, avec une matiere 
animate qui modifiat la couleur de la dissolution nilrique evaporee, 
il parait cependant qu'on ne pourra avec une entiere certitude le con- 
siderer comme une matiere particuliere, que quand il aura ete re- 
trouve et analyse de nouveau." 

f A small fragment of the calculus examined by Liebeg and 
Wohler has been presented to the museum of Guy's Hospital by 
Dr. Willis. 
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It was first noticed by Dr. Marcet, and its chemical char- 
acters resemble those of fibrin. 

This calculus is said to approach yellow wax, both in 
colour and consistence ; its structure being fibrous, and 
somewhat elastic. Its re-actions are as follows: — 

It is insoluble in water, alcohol, and hydrochloric acid. 
When treated with a solution of caustic potash it dissolves, 
and may be precipitated from this solution by the addition 
of acid. 

It dissolves in acetic acid by the assistance of heat ; and 
this solution, like .that of fibrin, may be precipitated by the 
solution of ferrocyanuret of potassium. 

It is dissolved with difficulty by nitric acid. Before the 
blowpipe it gives out the smell of burnt horn, and leaves a 
bulky charcoal. 

Ammonia ( separated from Phosphate of Magnesia.) 

It is very easy to determine whether ammonia be present 
in any specimen of calculous matter submitted to our no- 
tice ; but the greatest care is requisite before we can deter- 
mine whether that ammonia proceeds from the presence 
of the triple phosphate of ammonia and magnesia, or from 
the lithate of ammonia : this can often be accomplished by 
determining the absence of one of these bodies by other 
tests than those dependent on the presence of the volatile 
alkali. If ammonia can now be proved to exist, it shows 
the presence of the other constituent; but further than this 
the testing for ammonia is a useless step in the analysis of 
calculi. When we separate the lithate of ammonia by 
means of boiling water, the ammoniacal test is, however, 
valid as a proof of the nature of the two substances so se- 
parated. 

Before, therefore, we can be sure that any ammonia which 
may be detected proceeds from the triple magnesian phos- 
phate, it is necessary to wash the portion used for perform- 
ing this test with a considerable excess of boiling distilled 
water, till the liquor ceases to yield the re-actions of lithic 
acid. 

The testing for ammonia is performed as follows : — 

A small portion of the calculus is placed on a piece of 
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platinum foil, and treated with carbonate of potash in a 
concentrated solution. Vapours of carbonate of ammonia 
are now evolved, which may be detected by their well- 
known odour ; but the best method of proving their pre- 
sence is by holding over them a rod which has been dipped 
in fuming hydrochloric acid, when fumes of hydrochlorate 
of ammonia will be distinctly visible. It is frequently re- 
commended to use caustic potash instead of the carbonate 
in this experiment; but the former is very liable to form 
ammoniacal fumes by its peculiar action on a great variety 
of animal matters, and therefore is not so distinctive as the 
carbonated alkali. 

CLASS II. — THOSE CONSTITUENTS OF URINARY CALCULI CAPA- 
BLE OF RESISTING THE ACTION OF HEAT. 

Phosphate of Lime. 

This substance but rarely exists as the sole ingredient of 
a calculus ; when it does so, the concretion is always very 
smooth and polished on the surface, and very distinctly 
laminated. It is generally of a pale-brown colour. Four- 
croy and Vauquelin doubt much whether it ever occurs 
unmixed with the triple phosphate. The phosphate of lime 
is a very frequent ingredient in compounded calculi; and 
when united to the triple phosphate in considerable propor- 
tion, it forms the fusible calculus, so called from its easy 
fusibility before the blowpipe. 

The chemical properties of the phosphate of lime calculus 
are the following: — 

It is soluble in the dilute mineral acids, and precipitable 
from this solution on the addition of ammonia.* 

Its acid solution, when nearly neutralised by ammonia, 
and then tested with oxalate of ammonia, gives a precipitate 
of oxalate of lime. 

Before the blowpipe it blackens, and leaves a copious 
white residue, if the heat be continued. It requires a very 
intense degree of heat for fusion. 

* This precipitate is in a gelatinous form, and very characteristic 
of the earthy phosphates. 
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This form of calculus is best distinguished by its negative 
properties. Thus, it is known from the triple phosphate by 
not yielding ammoniacal fumes when treated with potash ; 
and from the fusible calculus by the great difficulty experi- 
enced in even rounding the edges of its fracture with the 
blowpipe flame. 

Phosphate of Magnesia [resulting from the triple Phosphate.) 

This salt, which remains as the result of heating the triple 
phosphate, \ras for a long time confounded with the phos- 
phate of lime. It possesses the following chemical charac- 
ters: — 

It readily dissolves in the acids : even cold dilute acetic 
acid acts powerfully on it. 

It cannot easily be fused by a blowpipe heat.. 

When oxalate of ammonia is added to its solution in 
acid, no precipitate is observable, which serves to distin- 
guish it from the phosphate of lime. When these earthy 
salts occur together, they may be separated by a method 
which will be described in the process for the analysis of 
mixed calculi. 

Carbonate of Soda (resulting from heating the Lithale.) 

It may be known by its solubility in water, and alkaline 
re-action, as also by effervescing with acids: it occurs but 
in very minute proportion in urinary calculi ; but the lithate 
forms the great bulk of gouty concretions occurring 
about the smaller joints, and it is also found very generally 
in the urinary deposits of rheumatic subjects. The car- 
bonate of soda may be known from that of potash by its 
colouring the flame of the blowpipe of a fine yellow hue. 

Carbonate of Lime. 

This substance sometimes occurs as an ingredient of 
mixed calculi ; but I do not know of any well-authenticated 
case in which it has been shown to exist alone asthe con- 
stituent of a calculus from the human subject. W T hen car- 
bonate of lime is tested in a calculus, we must always 

6 
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make our examination before any incinerating process has 
been had recourse to ; for by such a step we run the risk of 
forming a carbonate of lime (which did not originally exist 
in the calculus) by the decomposition of any oxalate or 
lilhate of lime which may be present in the concretion. 
Since, however, neither oxalate or lithate of lime produce 
effervescence with acids, there is no danger of confusion 
when tests are applied prior to calcination. 

If, then, calculous matter produces an effervescence on 
the addition of cold dilute hydrochloric acid, we may con- 
clude that a carbonate is present. 

The chemical properties of the carbonate 9re the follow- 

in s : — . 

It effervesces when moistened with cold dilute hydro- 
chloric acid. 

The solution in acids is precipitated on the addition of 
oxalate of ammonia ; care being taken previously nearly to 
neutralise the acid liquor. 

It is insoluble in water. 

Carbonate of Lime mixed with Caustic Lime (resulting from 
the Decomposition of Oxalate of Lime by Heat.) 

It may always be known that this substance is the result 
of incinerating the oxalate of lime, if we find the matter 
subjected to examination capable of effervescing, only after 
incineration.* 

If a specimen of calculus matter effervesces both before 
and after incineration, then of course we may conclude that 
carbonate and oxalate of lime are both present ; provided 
we have taken care to extract all the carbonate by means of 
dilute hydrochloric acid (which must be well washed from 
the calculous matter previous to performing the incinera- 
tion;) for the acid having removed all the carbonate, any 



* When lithate of lime exists in a calculus, we may have effer- 
vescence produced after incineration. When we have any suspi- 
cions, we should take care to employ a digestion with muriatic acid, 
previous to performing the calcination. When this precaution is 
used, we can be sure that any effervescence which may occur is 
caused by the decomposition of oxalate of lime. 
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which may be detected after calcination must be regarded 
as a result of that process. 

Silica. 

This substance was twice detected by Vauquelin and 
Fourcroy during their laborious researches into the nature 
and composition of urinary concretions. Venables also re- 
ports the case of a woman who passed a calculus containing 
silica. It seems highly probable that this substance may 
exist in small proportion in most calculi; nor can we be 
surprised at its having been overlooked by those who 
examine the concretions; for, to do justice to such an in- 
vestigation, it would be necessary to sacrifice the greater 
portion of most calculi which is seldom permitted to the 
chemist, since such minute investigation has rarely been a 
desideratum with those who subject their specimens to his 
operations. 

Silica may be known by its perfect insolubility in water, 
and the concentrated mineral acids ; and likewise by its 
forming transparent colourless glass, when fused with car- 
bonate of soda on charcoal before the blowpipe. 

Having now separately noticed each constituent of uri- 
nary calculi, I shall proceed to describe the method for de- 
termining the composition of a compound calculus, con- 
taining all the ingredients which are ordinarily met with in 
such a concretion ;* viz. 

Lithic acid. 

Lithate of ammonia. 

Lithate of soda. 

Lithate of Lime. 

Oxalate of lime. 

Ammoniaco-magnesian 

phosphate or triple 

phosphate. 
Phosphate of lime. 
Carbonate of lime. f 



Forming the fusible cal- 
culus, if the phosphate 
of lime be in sufficient 
proportion. 



* Calculi for examination should always be sawn through the 
centre, in order to expose the layers to view. A portion of each ot 
these layers must be used to form the powder for analysis. 

f Cystine, xanthic,and fibrinous oxide are here excluded, because 
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The portion of calculus intended for examination must be 
reduced to a fine powder, in a small agate mortar, and the 
powder divided into two parts. 

Treatment of first Part. — This is placed in a small glass 
flask, and distilled water boiled upon it for several minutes. 

The liquor is now to be poured off, and a few drops of it 
evaporated to dryness on a watch-glass ; when, if there be 
any residue, we must again treat the powder in the flask 
with a fresh portion of distilled water, which is to be boiled 
as before, and tested for a residue. 

This treatment is to be pursued until we no longer ex- 
tract any thing with boiling water.* Thus we procure an 
aqueous solution a, and a residue b. 

a. The aqueous solutions are to be added together, eva- 
porated to dryness, and the residue of the evaporation exa- 
mined as follows : — 

Lithic acid. 

A portion is placed on a watch-glass, and treated first 
with nitric acid and then with ammonia, as before described, 
when we shall procure the characteristic re-action of lithic 
acid (this residue of the aqueous solution consisting of the 
lithates.) Having now tested the acid, our attention must 
be directed to the bases. 

Ammonia. 

A small portion of the residue is placed on a watch-glass, 
and moistened with a solution of caustic potash, when am- 
moniacal vapours will be produced, known by their charac- 
teristic odour, and also by testing them with fumes of hy- 
drochloric acid, as before described. 

Soda. 

The remainder of the residue may now be carefully 

they never exist in any considerable quantity as components of cal- 
culi. Several other matters, which appear rarely and in small pro- 
portion, are also omitted; such are silica and hydrochlorate of am- 
monia; the latter first noticed by Dr. Yellowley, in the Philosophi- 
cal Transactions. 

* This soon happens, if we use each time a large bulk of water in 
proportion to the quantity of calculous matter. 
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heated on platinum foil at a low heat, when it will char, 
and partly volatilise. The remainder (if any exist,) when 
perfectly decarbonised, will possess an alkaline re-action. 
When cold distilled water is digested on it, we shall find a 
portion becomes dissolved, and the liquor so formed not 
being precipitable by the solution of an alkaline carbonate, 
we at once recognise the dissolved matter as a fixed alkali. 

Lime. 

The matter which was not dissolved by the distilled 
water will be found to dissolve with effervescence in a drop 
of dilute hydrochloric acid, and to be precipitable from this 
acid on the addition of a solution of oxalate of ammonia: 
this precipitates lime.* The aqueous solution contained 
then, — 

Lithate of ammonia. 

soda. 

lime. 

b. The calculous matter, insoluble in water, is now 
treated as follows: — 

Lithic acid. 

A small portion is tested for lithic acid, with nitric acid 
and ammonia. 

Carbonate of lime. 

A second portion is mixed with dilute hydrochloric acid ; 
and if any effervescence occurs, we may conclude that car- 
bonate of lime is present. 

Oxalate of lime. 

The remaining matter insoluble in water is now to be di- 
gested in dilute hydrochloric acid, then incinerated and de- 
carbonised in a platinum capsule, over the spirit lamp : the 
residue when cold is tested with dilute acid ; and if effer- 

* It must be observed, that this result of incineration on platinum 
foil is always minute, and great care is requisite in adding the water, 
todissolve out the carbonate of soda, as well as in the addition of acid 
to the lime: a drop of dilute acid being quite enough for the latter 
purpose, and the same quantity of the test being quite sufficient as a 
precipitant for the lime. 
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vescence ensue, we may be sure that oxalate of lime is a 
component of the calculus.* 

Treatment of second Part. — This is to be placed in a pla- 
tinum capsule over the spirit lamp, and perfectly incinerated 
and decarbonised. 

Should carbonate of lime be present in this result of in- 
cineration (which of course is the case when the carbonate 
or oxalate of that earth exist in the calculus,) we must dis- 
solve the whole in dilute hydrochloric acid, and precipitate 
the solution with caustic ammonia, by which means we 
throw down the phosphates only which may exist in the li- 
quor. This precipitate is to be placed on a filter, and 
washed with cold distilled water ; it must be dried, and then 
is ready for examination.!". 

Phosphates. 

A small portion is placed on the end of a platinum wire, 
which must previously be curled into a small noose, in 
order to hold more of the matter for experiment. The 
flame of the blowpipe must now be carefully directed on 
the mass ; when, if fusion occur quickly on urging the heat 
to incipient whiteness, we may conclude that we are ope- 
rating an the phosphates of lime and magnesia in the pro- 
portions constituting the fusible calculus. If no fusion oc- 
cur, we must have recourse to other proof, in order to show 
that these two phosphates are present, which is often the 
case though they be not in the proportions necessary to 
form the fusible compound. This extra proof of their pre- 
sence may always be recurred to if we wish for any cor- 
roboration on the subject. The examination is as fol- 
lows : — 

* The reason for using a digestion with hydrochloric acid is to ex- 
tract all the carbonate of lime before incineration is performed: by 
which means we may be sure that any which appears after incine- 
ration is the result of decomposed oxalate. 

f If no carbonate or oxalate of lime exists in the calculus, then 
we may at once proceed with the examination of the result of incine- 
ration, without using the solution in hydrochloric acid and precipi- 
tation with ammonia, which is otherwise necessary in order to sepa- 
rate the phosphates. 



ANALYSIS OF CALCULI. 87 

Phosphoric Acid. 

The incinerated or dried mass is to be dissolved in di- 
lute and pure nitric acid, and the solution divided into two 
portions. One is tested with nitrate of silver, which pro- 
duces a yellow precipitate on neutralising the excess of acid 
in the solution by the addition of an alkali. This precipi- 
tate is phosphate of silver, and thus we prove the presence 
of phosphoric acid. 

Lime. 

The second part of the solution is to be nearly neutralised 
with ammonia,* and then a solution of oxalate of ammonia 
added, which will precipitate lime after a short interval has 
elapsed. 

Magnesia. 

The precipitate (which is oxalate of lime) is allowed to 
subside, and the clear liquor poured off. This, when tested 
with caustic ammonia, will produce a crystalline precipi- 
tate of triple phosphate, if magnesia be present. It is very 
seldom that we have calculi presented for examination con- 
taining so many ingredients as the one here noticed. Very 
frequently we cannot extract any thing from the mass by 
means of boiling water, and then it may at once be con- 
cluded that the lithates are absent. Indeed, when we pro- 
cure a residue by evaporation from the boiling acpieous so- 
lution, we shall continually find that it consists of lithate of 
ammonia only, and is entirely volatilised when heated on 
platinum foil. Again, we but seldom encounter the car- 
bonate of lime in these researches, and this renders the de- 
termination of the oxalate of lime more simple and satis- 
factory. It is not at all uncommon to meet with calculi that 
are entirely dissipated on the application of heat. When 
this is the case, our examination is much simplified ; for we 
can exclude from the possible list of constituents the triple 

* The solution should, however, always be slightly acid, in order 
to preserve the magnesia in solution till the lime is precipitated, and 
the liquor should be well boiled, in order completely to get down the 
precipitate of oxalate of lime thrown down by the oxalate of am- 
monia. 
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phosphate, phosphate of lime, oxalate and carbonate of 
lime : thus but few matters are left for our consideration. 
These destructible calculi consist for the most part of lithic 
acid, combined with more or less of the lithate of ammonia. 
When a calculus consists of the earthy phosphates, in a 
tolerably pure state, we find that it blackens before the 
blowpipe, owing to the presence of vesical mucus. When 
incinerating such a specimen, we cannot be sure but that 
this carbonisation is owing to the presence of litbic acid. 
The effect of the blowpipe, therefore, though of considera- 
ble assistance as a test, in cases where all the calculous in- 
gredients are volatile, cannot expedite our analysis if a 
residue be obtained after its incinerating action. 

I would advise those who analyse calculi to commence 
their examinations by incinerating a small portion on plati- 
num foil ; when, if no residue be observed, they much 
simplify their labours — as they can be sure that no earthy 
or fixed alkaline salt exists in the concretion. 

It frequently happens that calculi are given to the che- 
mist for examination, consisting of different layers of con- 
siderable thickness, and it is required to know the consti- 
tution of each separate formation. When this is the case, 
it generally becomes necessary to examine a portion of each 
layer, accordiug to the process described above ; for though 
we may have examined a powder formed from triturating a 
portion of the layers, yet we cannot always determine which 
of these has yielded any one or more of the constituents of 
the whole calculus. 

In conclusion, I may observe, that when we are extract- 
ing portions for examination from the different layers of a 
calculus, it is very necessary to avoid turning over and 
shaking the sawn surface, in order to dislodge the fragment 
which we have detached ; for by so doing we are very 
likely to admix portions of the other layers if they happen 
to be friable, as is often the case. The best way of avoid- 
ing this source of error is to pick up the detached portion 
for examination, by means of a thin glass rod, moistened 
with distilled water, to which the calculus matter readily 
attaches itself, and can thus be removed for experiment. 
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URINARY DISEASES. 



In presenting the reader with the following essay on urinary 
diseases, ray object has been to describe as concisely as 
possible the ordinary features of each class of affection, to 
enter upon a consideration of the most approved methods 
of treatment, and to add the results of my own experience 
on several parts of the subject. On some points of prac- 
tice I have been led to form opinions materially affecting 
treatment, and not entirely devoid of novelty. I therefore 
venture to hope, that this contribution to the literature of 
the subject may contain matter of interest, if not of advan- 
tage, to the reader. 

ON THE LITHIC DEPOSITS. 

Urine depositing the crystalline red gravel is generally of 
fine deep yellow colour, and contains an excess of acid. 
Its specific gravity will in most cases be found to exceed 
that of health, varying from 1022 to 1025, or even higher. 
When viewed under the microscope, this deposit presents 
a crystalline texture, and is seen under various forms. (Vide 
plate, figure 3.) It yields all the re-actions of lithic acid 
when chemically examined. (Vide p. 73.) 
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LITHIC DEPOSITS. 



The symptoms observed in those who suffer from the 
crystalline lithic acid deposit are occasionally of a very se- 
vere character, and are constantly brought before the atten- 
tion of practitioners as occurring among those members of 
every class of society who either from idleness or necessity 
fail to take the regular exercise indispensable to the preser- 
vation of health, and who at the same time may have the 
opportunity of indulging freely in animal food, either with 
or without the use of spirituous drinks. The tendency to 
the formation of lithic acid deposit is frequently marked by 
a liability to sharp lancinating pains affecting the extremi- 
ties, and by lumbar pains combined with a certain degree 
of irritation experienced during micturition. These symp- 
toms are seldom observed when the lateritious sediments 
composed of the lithates are being excreted by the patient, 
except of course when they occur in fever, rheumatism, or 
gouty disease, and not as constituting an unmixed variety 
of urinary affection. When transient but sharp pains are ex- 
perienced by the patient, and any complaint is made of scald- 
ing or irritation after micturition, while no other prominent 
symptom of constitutional disturbance is to be observed, 
we may very generally conclude that any deposit found in 
the urine will be composed of crystalline lithic acid, and 
not the lateritious sediment. The two causes of distress 
above alluded to constantly exist together as symptoms in- 
dicative of a tendency to lithic acid deposit, and that too 
when the general functions of the body are for the most 
part regularly discharged, and the general tone of the sys- 
tem preserved in a manner not to be observed in any other 
form of urinary disease attended with pain. 

It is true that such patients complain frequently of dys- 
peptic symptoms ; but these for the most part are of trivial 
character, and by no means approaching the importance of 
those characterising the phosphate and oxalic forms of de- 
posit, in which we constantly observe an irritability and las- 
situde in connexion with dyspepsia which render the patient 
either unwilling or unable to enter upon the ordinary avo- 
cations of life, and, when obliged to use exertion from ne- 
cessity, injured and not benefitted by the effort. 

The lithic acid deposit either in the crystalline or agglu- 
tinated form is generally a disease of the middle or advan- 
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ced stages of life, and when occurring in youth or infancy 
seldom fails to indicate a tendency to grave disease. The 
liability to calculus is frequently shown by the occurrence 
of lithic acid deposit in childhood, and a gouty tendency is 
often indicated in the same manner. In youth, the lithic 
acid deposit is sometimes observed in connexion with Mor- 
bus Brightii. 

I have known the lithic acid to exist in the urine of a 
child hereditarily predisposed to gout, and eventually lead 
to the formation of calculus in the bladder, which being 
passed by the urethra at an early period of its formation, 
thus for a short time relieved the sufferer. This patient, 
however, subsequently became the subject of gout in a se- 
vere form, but never afterwards experienced a return of 
calculous symptoms. As regards the formation of lithic 
acid calculi, it is chiefly at a more advanced age that the 
deposit is found in the urine in a form threatening their pro- 
duction. Thus the deposit, instead of appearing at the 
bottom of the chamber vessel as a crisp crystalline sand, is 
observed to assume a more rounded form, each little mass 
being more or less circular, and adhering occasionally to the 
bottom of the vessel even when the urine is shaken over it 
with some degree of rapidity. 

Dr. Prout has stated, as a general rule, that it is in middle 
life that the deposit of lithic acid assumes this concrete 
form, threatening calculus of the kidney or bladder. The 
crystalline lithic deposit, however, is not at all uncommon 
in middle life ; I have met with several such cases showing 
its presence. Where the concrete form exists, of course 
there will be an increased tendency to the formation of 
calculus. I never saw, however, the concrete lithic acid 
deposit in a child, and believe it rarely if ever to exist. 

In old age, a tendency to the excretion of very small 
rounded lithic acid calculi is sometimes observed. Dr. 
Prout has particularly noticed this condition of urinary 
disease, which appears connected, in general, with mischief 
in the urinary passages, and a tendency to the secretion of 
alkaline urine. 

Deposit of Lilhates (Laterilious Deposits.) 

This form of deposit, formed of lithic acid in combination 
with ammonia, lime, magnesia, or soda, presents under the 
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microscope the appearances described by figures 4, 5, and 
6. (Vide plate.) Examined chemically, it yields the re- 
actions described at pages 84, and 85. If urine con- 
taining the lithates be heated the whole deposit is imme- 
diately dissolved. The colours assumed by the various 
lithates, when existing as deposits, are indicative of certain 
conditions of system, and they become thus valuable guides 
to treatment. When a dusky nut-brown colour occurs, we 
may very generally infer that little else than an ordinary 
dyspeptic attack has supervened, and if the urine be in 
other respects of normal character, no great anxiety need be 
entertained on the subject. There is not, however, the 
same security in those forms of lateritious deposit charac- 
terised by a white or dark purple colour. When urine de- 
positing the nut-brown sediment is not much above the 
normal specific gravity, (that is to say, not above from 1018 
to 1022,) and when no evidence can be obtained of the 
presence of sugar, we shall seldom be wrong in attributing 
the attack to some accidental exposure or intemperance in 
diet; but it will sometimes happen, and that in cases in 
which other symptoms to countenance such a belief are en- 
tirely wanting, that traces of sugar can be detected in the 
urine, and then it becomes our duty carefully to investigate 
the case, and steadily to enforce treatment. It is not un- 
common for persons, who have passed lithates for years 
without the supervention of any disagreeable symptom, sud- 
denly to become the subjects of dyspepsia, attended with 
thirst, and then, on applying to their medical attendant, to 
doubt the possibility of any mischief having arisen from ne- 
glect of a symptom to which they have become, as it were, 
habituated ; nor is it uncommon to learn from them that they 
never feel so well as when excreting the deposit in large 
quantity. It is only when this form of deposit is associated 
with a saccharine condition of urine, that it becomes of im- 
portance as a disease, and it is always well to be sure of the 
absence of sugar in the secretion before we promise the pa- 
tient that certain and immediate relief, which we need seldom 
fail to afford in the uncomplicated form of dyspepsia, leading 
to the deposition of brown lithates as a sediment. Dr. Prout 
remarks, when treating of this subject, that the tendency to 
the deposit of lithic sediments is almost invariably connected 
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with hsemotrophy of the kidney. Now it is true that we ob- 
serve the lithic acid in the crystalline form, and the lithates 
also, occasionally appearing in the urine of those who are the 
subjects of albuminuria ; but this is far from always the case, 
and again, the lithic acid and lithates are most decidedly 
found unconnected with a coagutable state of urine; so that 
I cannot well understand how the close connection spoken 
of by Dr. Prout can have presented itself to his mind, nor 
upon what grounds he has determined the presence of ha3- 
motrophy in the cases to which he alludes. When the 
lithates deposit in the urine entirely devoid of colouring 
matter, and approach the white tint of the phosphates, it is 
not uncommon to observe dysuria as a symptom. I am far 
from considering with Dr. Prout, that this deposit is in- 
dicative of a tendency to deposit the phosphates, that is to 
say, if it be secreted pure, and entirely soluble in the urine 
when heated. The nut-brown deposit noticed above, I 
have, however, not uncommonly found alternating with the 
triple phosphate, which would tend to show that when these 
two deposits follow each other, the white lithates are not 
necessarily to be expected. The cause of this alternation 
of phosphatic with lithic deposit will be hereafter entered 
upon. The lithates, when excreted of a red or pink colour, 
are generally concomitants of a febrile condition, and dis- 
appear immediately the cause for constitutional disturbance 
(if it admit of remedy) is removed. In rheumatism and 
rheumatic gout, I have observed the red sediments to occur 
very frequently; and in a case of the kind recently under 
my care, I had an opportunity of witnessing their gradual 
change to a bright pink, while the urine assumed a dark 
purple colour, resembling that of murexid. In this case 
there had been long neglect of the bowels, and dyspepsia, 
while constipation formed an obstinate symptom throughout 
the course of the disease. 

In cases such as that above described, it is not uncom- 
mon to find old visceral derangement; and provided rheu- 
matism and gout do not appear as part of the disease, the 
appearance of the pink deposit must be regarded with 
anxiety. When, however, such symptoms are present we 
know they alone are occasionally capable of producing this 
urine with the pink deposits, and there is less cause to fear 
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the existence of deep-seated disease affecting the liver or 
other chylopoietic organs. 

The red and pink sediments have been regarded as pe- 
culiar to fever, to the exclusion of the yellow amorphous 
sediment. I have observed the latter several times in 
typhus remittent. As a general rule, however, the red se- 
diments are produced by the febrile state. 

The treatment to which it is necessary to have recourse 
in these affections must vary according to the character as- 
sumed by each kind of deposit. 

When the red crystalline form of lithic acid is excreted, 
it has been very commonly supposed that the chief benefit 
we can derive is to be expected from the administration of 
alkaline remedies, which are known to correct the acid 
state of urine found in connection with this form of disease, 
and, moreover, to act as solvents on the deposit itself. It 
is a matter of fact that alkaline remedies will constantly 
cause the urine of patients suffering from the lithic acid 
deposit to become clear and transparent, and that the symp- 
toms of dysuria are generally relieved by the remedy; but I 
have seldom known this palliative treatment attended by 
any lasting benefit ; and we must remember, that it should 
be our object to correct those general conditions of system 
on which the production of the unhealthy urine depends, 
rather than to afford a temporary benefit, by the use of 
means in themselves but ill calculated to effect the great 
object of all treatment. 

It is true that in those forms of deposit having a tendency 
to agglutinate, and therefore threatening the formation of. 
calculi, the use of alkaline remedies may be necessary for 
a short period, and should be used in virtue of their me- 
chanical as well as chemical powers to rid the bladder and 
urinary passages of the irritation produced by adherence of 
the deposit ; but it is not to the continuance of such treat- 
ment, that we are to look for relief even in this form of 
disease. 

It has probably been matter of experience with most of 
those who met with cases of red deposit, before the chemis- 
try of urine had received attention, that any remedy pos- 
sessing the power of invigorating the system, improving 
the appetite, and relieving the sense of fulness and tendency 
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to sleep after meals, was capable of exerting a powerful 
controlling action over the excretion of lithic acid by the 
urine. The labours of animal chemists, however, produced 
so great a revolution in the minds of practitioners, that not- 
withstanding the force of prejudice (in our profession not 
generally so easily conquered,) the practitioners of our art 
almost universally adopted the opinions of those whose 
labours and results in the laboratory unfortunately assumed 
a complexion giving them an apparent right to dogmatise 
in physic ; and the indiscriminate and mischievous use of 
alkaline remedies in cases of lithic disease is a prominent 
instance among the evils they were allowed to inflict. 
Apart from their use as mechanical agents acting through 
their solvent chemical power, I have good reason to dis- 
credit the production of benefit by their use, and they retard 
rather than expedite the good effects we can derive from 
the exhibition of other remedies. There are several forms 
of disease in which the elements of the urine appear to 
arrange themselves in an unusual manner; and the forma- 
tion of urinary deposit, not only in those cases of disease in 
which it is formed by a natural constituent of urine, but 
even when a material foreign to health appears, would seem 
sometimes to depend rather upon this tendency, than to the 
secretion of a positive excess of the constituent in the one 
case, or the production by the blood of some unusual body 
in the other. In such instances it is that we are generally 
at a loss to comprehend the causes in the action competent 
to the production of the effect upon the urine ; and though 
we may sometimes contrive, by the ingenious doubling and 
mingling of atoms, to extract a probable explanation by the 
transposition of elements, we are in no way assisted by this 
process to a better understanding either of the true nature 
of the disease or the plan of treatment best adapted to its 
cure. Although we derive but little assistance from chemis- 
try, so far as the treatment of this form of disease is con- 
cerned, we yet have present a certain set of symptoms 
indicative of general constitutional disturbance, by treating 
which the urinary mischief admits of being alleviated. 

The exhibition of mild aperients combined with altera- 
tives at night, and the use of vegetable tonics administered 
at intervals during the day, will generally be found of ira- 

7 



98 L1THIC DEPOSITS. 

mediate efficacy in the cure of the disease in its early stages. 
When, however, the patient suffers from symptoms in- 
dicating a tendency to the formation of calculus, such as 
lumbar pains or sharp cutting sensations in the course of 
the ureters, it is well to combine our tonics with the liquor 
potassee, or bicarbonate of potash, in moderate doses. From 
fifteen to twenty minims of the former, or ten to fifteen 
grains of the latter, will generally be found sufficient in 
most cases. It is well, however, and more especially in 
hypochondriacal persons of low power, gradually to omit 
the use of alkali on the disappearance of the pains. This 
is best clone by substituting small doses of magnesia for a 
few clays, after which all alkaline remedies may be set 
aside. 

As regards the diet advisable in this form of disease, in 
early cases, there appears no objection to the use of any 
article known by experience to agree with the stomach of 
the patient. A careful regard to quantity is of course as 
valuable here as in every description of disease in which 
dyspepsia takes a prominent part. When long-continued 
inconvenience has been experienced from discharge of the 
lithic acid however, fish diet may be enjoined, with rest 
and perfect freedom from causes of irritation and anxiety 
during the hours of digestion. 

The use of wine is objectionable ; and in all cases, how- 
ever mild, it is right to diminish the quantity to which the 
patient may have been accustomed, as an indispensable 
part of the treatment. Ripe fruits, which, from containing 
vegetable acids combined in excess with alkaline bases, 
yield alkaline carbonates to the blood and urine, are some- 
times of use in cases characterised by the cutting pains of 
gravel; but, like alkaline remedies in general, are more 
valuable in the removal of immediate symptoms than as 
adjuvants in effecting a permanent cure. In simple cases 
of lithic deposit they are not needed; and as they are fre- 
quently productive of much evil by causing increased dys- 
pepsia and much distress from flatus, it is generally better 
that they should be avoided. This same objection, and for 
the same reason, applies to acid wines and beer. When 
the patient passing lithic acid possesses a pulse indicative 
of power, I know of no better means of relief, and no better 
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prophylactic when the attack has passed off, than that 
afforded by the use of the cold sponging-bath and friction 
of the skin. It is not every constitution, however, that is 
capable of bearing this somewhat severe method of render- 
ing the skin an active organ, and care is therefore requisite 
in prescribing such discipline. Whatever the Condition of 
the patient, however, as regards diathesis or constitution, 
we shall seldom do wrong in enjoining the daily use of the 
horse-hair gloves or flesh-brush, applied over the surface 
every morning. Steady exercise, always short of fatigue, 
is an important adjuvant in every form of lithic disease in 
its early stages. The increased exhalation thus obtained 
from the skin, of those nitrogenous ingredients of the blood 
which are constantly excreting from the nephritic and cuta- 
neous surfaces, will be found greatly to relieve the kidney, 
and produce urine less abounding in lithic acid. 

The general treatment of the sediments composed of 
lithates nearly corresponds with that required for the relief 
of the lithic acid form of deposit ; viz. tonics and alter- 
atives, with the use of cutaneous friction. 

In persons who become the subjects of this deposit after 
excessive exertion or occasional irregularities of diet, the 
free use of cold bathing and frictions in the morning, as a 
habit, will constantly be found a most rapid means of ef- 
fecting a cure.* It would appear that weakly persons, in 
whom the cutaneous surface is inactive, convert the tissue 
wasted during exertion into a constituent of the urine, 
rather than into an excretion of the skin, and thus it is that, 
after exercise, some persons become liable to the deposit 
of lithates. The improvement of the general health by acid 
tonics and shower-baths is in such cases attended with im- 
mediate relief from urinary symptoms. 

It is not uncommon to find patients in whom, for days 
together, an alternation takes place by the excretion of phos- 
phatic deposits on the same day with the lithate of ammonia 
—the one forming the deposit of the night urine, the other 

* So complete is the influence of cutaneous friction on the urine 
of these cases, that I have known its omission followed by an im- 
mediate return of the deposit, which again disappeared on having 
recourse to the sponging-bath. 
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that of the morning. This form of urinary affection is often 
observed in persons of advanced age, and is then generally 
attended with considerable irritation, and frequently com- 
plicated with disease of the bladder, prostate, and urinary 
passages. The phosphatic deposit is generally composed 
of the monobasic ammoniaco-magnesian salt, and the li- 
thates are of the nut-brown colour. In some cases the ex- 
planation of this condition would appear to consist in the 
fact, that during the day the skin is less actively engaged 
in excreting water than during the hours passed in bed, 
and that therefore more water appears with the evening 
urine, and thus the deposit of lithates is prevented, while 
the irritable mucous membrane of the urinary passages 
pours out an alkaline secretion in a sufficiently large quan- 
tity partially to neutralize the acid of the urine, and thus 
lead to a condition favourable to the crystallisation of the 
phosphatic salt. During the day there will, of course, be 
causes of irritation in action on the mucous membrane 
which do not exist during the night, and we therefore have 
the alkaline flux from that surface occurring in increased 
quantity in the day-time. When this alternation of phos- 
phates with lithates occurs in the urine of young persons, 
it is indicative of the phosphatic tendency, and generally 
co-exists with irritation of the gastric as well as urinary 
mucous membrane. 

In severe dyspeptic cases characterised by the deposition 
of the lithates either of a lighter colour than usual or of a 
red tint, we sometimes observe, as mentioned before, that 
sugar can be detected in small quantity. The patient him- 
self will sometimes mention that he has observed a peculiar 
odour in his urine. These cases should be treated with the 
greatest care, and the patient fully informed of the danger 
to which he will subject himself by neglecting the rules of 
life and method of treatment enjoined by the medical ad- 
viser. In the general, we shall seldom do wrong to pre- 
scribe small doses of opium in these cases, in combination 
with ipecacuanha, at night, while the greatest possible bene- 
fit will be derived from the use of the hydrochloric acid in 
large dose. I have lately been induced, from the benefit 
derived from the use of this remedy, to make trial of its 
efficacy in confirmed diabetes, but have not yet had suffi- 
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cient experience to speak confidently of its powers. Strict 
attention to the bowels and state of the liver, as shown by 
the stools, is very necessary in the treatment of this class of 
disease, which is frequently connected with visceral ob- 
struction. 

The pink deposit of lithates is so generally connected 
with rheumatic or gouty disease, or with organic visceral 
mischief, that the treatment necessary must vary with the 
peculiar character of each case, and the indications of the 
urine in no way allowed especially to influence us, either in 
the adaptation of means, or the selection of remedies. 
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ON THE PHOSPHATIC DEPOSITS. 

These deposits generally occur in urine possessing a 
specific gravity lower than that of health ; sometimes it is 
found slightly acid, but generally neutral or alkaline. 
When viewed under the microscope, these deposits assume 
peculiar definite forms, indicating their character. (Vide 
description of plate, figs. 1. and 2.) Examined chemically, 
they yield the re-actions described at p. 51. 

The forms of disease characterised by the deposit of the 
bibasic stellated salt of ammonia and magnesia do not 
always necessarily differ from those yielding the monobasic 
salt, the deposit showing itself either as one or the other, 
according as more or less alkali is developed in the urine. 
The stellated bibasic salt is, however, as a general rule, 
observed in the more advanced cases yielding alkaline 
urine, and is constantly present in the latter stages. The 
decomposition of urine containing the monobasic salt, owing 
to the generation of ammonia, frequently causes a deposit 
of the stellated crystals to occur in combination with phos- 
phate of lime. This is far from uncommon when, from 
long-continued exercise or a full meal, the patient passes 
urine of high specific .gravity, that is to say, from 1028 to 
1031, or even higher than this. 

We may divide the cases of alkaline urine into two 
classes; 1st, those depositing the crystalline sediment, and, 
2dly, those depositing the amorphous white sediment. 
The first of these is the most frequently met with in young 
persons, while the last is generally indicative of confirmed 
mischief, and observed most frequently in old age in con- 
nection with disease of the bladder and prostate; it is also 
a sequela of calculous disease in every form, at the advanced 
period of life. 

Dr. Prout, in treating of these affections, has described a 
variety of disease as separable from the two above men- 
tioned, and as characterised by the secretion of the car- 
bonates of soda, potash, and ammonia. From the descrip- 
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tion of this variety of urine, and the symptoms accompanying 
its excretion, it would seem to be produced as the result of 
that state of the urinary apparatus occurring in advanced 
stages of prostatic disease, when the ureters and kidneys 
have become involved, owing to the continuance of obstruc- 
tion by stricture. Thus in cases going on to suppurative 
disease of the kidney, the urine is voided of this character, 
which I believe to be entirely dependent on the state of the 
canals from the kidney to the urethra acting on the urine 
after secretion, rendering it ammoniacal and mixed with 
blood, and in no way to be connected with any peculiar 
constitutional condition influencing the secretion of the kid- 
ney. As regards the question of phosphatic deposits gene- 
rally, and the tendency to the alkaline character of the 
urine, I feel persuaded that in nearly all cases the real 
disease exists, not in the presence of any peculiarity on the 
part of the kidney as a secreting organ, but on a tendency 
to the production of alkaline fluid on the lining membrane 
of the whole, or a part, of the urinary apparatus. The 
treatment of these diseases, as founded on this view of their 
pathology, has led to such favourable results, that I am 
daily becoming more and more persuaded of the truth of 
the position. It has been far too much the fashion to regard 
the abnormal qualities of the urine as indicative of some 
general state of the system showing itself through the 
medium of the kidney, whereas it almost admits of demon- 
stration that the kidney frequently secretes urine possessing 
the qualities of health, with its acid re-action and other 
normal qualities, while it passes from the urethra fetid and 
ammoniacal. I do not here allude to cases of old bladder 
disease, or on that condition of the viscus observed in cases 
of spinal lesion, but to cases admitting of cure, and not 
necessarily characterised by any symptoms of cystitis. A 
young or middle-aged person becomes the subject of irrita- 
tion during the passage of urine, in connection with gastric 
symptoms, and aching irregular pains in the course of the 
ureters. His appearance is that which we are apt to de- 
scribe as indicative of a general want of tone, and on 
examining his urine we find it either ammoniacal, neutral, 
or faintly acid, with a deposit of mucus and phosphates. If 
it be supposed that this depends on mal-secretion on the 
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part of the kidney, knowing as we do that mineral acids 
will increase the acidity of healthy urine, nothing can be 
more reasonable than to supply these remedies for the cure 
of the patient; but if, on the contrary, no such mal-secretion 
is going on, and the urine only becomes alkaline after 
leaving the kidneys, and during its course through the 
passages, nothing can be required from the mineral acids. 
That, however, which remains to be done, in accordance 
with the pathological view I have advanced, is to act upon 
the urine in such a manner as to render it less irritating to 
the lining mucous membranes, and thus prevent the secre- 
tion of that alkaline flux which has been pouring out in 
quantity. It appeared to me that the use of alkaline reme- 
dies might be of advantange in these cases of alkaline 
urine, and, moreover, that if the alkali were administered 
in small doses so as only partially to neutralise the acid 
state of urine as secreted by the kidney, we might relieve 
the irritation of the mucous membranes, stop the excretion 
of alkaline matter, and have an acid urine excreted, the 
natural acidity having been only partially destroyed by our 
remedy. It may appear somewhat unaccountable to those 
who merely look to the chemical view of the matter that 
any one should expect to render alkaline urine acid by the 
administration of alkalies, but such was the treatment I 
adopted, and the result fully corroborated the correctness of 
the theory which suggested it as a crucial test. 

The first case I met with, and which afforded the symp- 
toms indicative of phosphatic disease, occurred in a gen- 
tleman of leuco-phlegmatic temperament, who had suffered 
much from despondency, and whose urine was generally 
alkaline and occasionally neutral. His appetite had given 
way ; his bowels were constipated ; and he had become the 
subject of shooting pains in the loins and down the ureters. 
There was no very great distress experienced in passing 
urine, nor was there frequent desire to do so at any period 
of night or day. The excretion was loaded with mucus 
mixed with the earthy phosphates. 

In.this case I exhibited the liquor potassse in doses of 
twenty minims three times during the day, combined with 
hyoscyamus, in a mucilaginous vehicle. The result was, 
that my patient's urine became acid on the second day, and 
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continued so till all his disagreeable urinary symptoms were 
removed. It was not of course necessary to continue the 
alkali beyond this point, as by its prolonged use it un- 
doubtedly would have eventually caused an alkaline urine 
to be secreted from the kidney. At this period of treatment, 
therefore, I had recourse to tonics containing an acid, a 
form of medicine which had been tried before the alkali 
was exhibited, and had produced so much irritation and so 
great an increase of the foetid odour of the urine without 
decreasing the deposit, that we were forced to abandon its 
use. It was found, however, that the acid could now be 
borne with advantage, and much good was obtained by its 
careful exhibition. 

The second case in which I had an opportunity of ma- 
king the same kind of observation occurred among the pa- 
tients at Guy's Hospital, in the person of a woman under 
the care of my friend and colleague, Dr. Babington, who 
kindly allowed me to prescribe for his case. 

This patient had been subject to fits from childhood, and 
was admitted into the Hospital for the cure of epilepsy. 
She, however, became suddenly seized with urinary symp- 
toms, experiencing difficulty in passing her urine, which 
was turbid, alkaline, and fcetid if long retained. When I 
saw her she was stated to have suffered increased distress 
from the exhibition of acids, though there were no in- 
dications of bladder disease. The quantity of mucus 
voided was very considerable ; the sequel of this case, how- 
ever, as well as its history, sufficiently showed that the 
bladder was not materially involved. The acid remedies 
being laid aside, I ordered this person the liquor potassae 
with tincture of hyoscyamus three times a day, and in a 
few days had the satisfaction of perceiving the urine passed 
to be of acid re-action, clear, and in every respect natural. 

I am not prepared to say that all cases characterised by 
the deposit of the earthy phosphates are pathologically 
identical with those alluded to above ; but I am certain 
that in the greater number of cases in which alkaline and 
neutral urine exists, with mucus and phosphates as a de- 
posit, we shall find alkaline remedies of avail ; and that if 
given in regulated dose we shall by their action obtain the 
excretion of an acid urine, showing that the cause of mis- 
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chief is seated below the kidneys, but not necessarily in the 
bladder. 

In the mild form of disease in which we observe the 
triple phosphate as an occasional deposit, we shall often 
delect a general state of irritability, with gastric disturbance, 
which I believe is connected with a condition of the urinary 
mucous membrane resembling that so evidently produced 
upon the gastric surface, as shown by the tongue and state 
of the bowels. 

I am satisfied the urine is not secreted in an alkaline state 
in many of these cases, but that the deposits of phosphates 
occur occasionally in consequence of an alkaline discharge 
taking place from the mucous lining of the kidneys and 
ureters, just in the same manner as we know the mucous 
intestinal surface to be irregular in this respect, subjecting 
the patient one week to constipation and the next to diar- 
rhoea, of a mixed mucous and bilious character. 

Now, an alkaline state of the urine will account for the 
deposit of the phosphates contained in it; but it can in no 
way be regarded as a cause for their absolute increase in 
proportion, and when this takes place, very important 
changes must be going on in the economy. In mollities 
ossium this increase occurs, and probably in other forms of 
disease ; but the great multitude of cases met with in prac- 
tice are not of this kind, but are rather to be considered as 
instances in which no increase takes place in the positive 
proportion of the phosphates, but which, owing to the urine 
becoming alkaline or neutral, are characterised by the de- 
posit of those earthy salts which were before held in so- 
lution. 

Any one in health may assure himself that the normal 
proportion of earthy phosphates is sufficient to produce a 
copious deposit, by adding ammonia to his urine, and al- 
lowing the precipitate to subside. If it be remembered, 
when making this experiment, that an excretion of mucus 
frequently accompanies the deposit of phosphates, greatly 
increasing its apparent bulk, it will probably be a matter of 
surprise to the experimenter, that the phosphatic deposits 
occurring in disease are not even more voluminous than 
they are observed to be. The mucous membrane of the 
bladder has been supposed to secrete phosphate of lime in 
considerable quantity, and many circumstances connected 
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with the history of calculous disorders would tend to sup- 
port such an opinion. With the knowledge, however, of 
the capability of the mucous surfaces to secrete an alkaline 
mucus, and the facility afforded for the deposit of phos- 
phatic salts from the urine in virtue of this property, great 
care is required before such an opinion can be generally 
adopted in the case of the urinary organs. There is an 
apparent analogy afforded here by the intestinal mucous 
surface, which is known not unfrequently to produce cal- 
culous matter, but these masses are of slow growth, and it 
is not easy to determine how much may depend upon the 
decomposition of the chylous and other fluids containing 
phosphates, by detention in the neighborhood of diseased 
portions of membrane. A reason which has been quoted 
for conceiving the concretions in both cases to depend on 
the secretion of earthy matter by the membrane itself, is, 
that a deficiency of the magnesian salt is observed in the 
urinary concretion, which could scarcely be expected were 
it derived from the urine, simply owing to the production 
of alkali by the membrane. These concretions, however, 
really contain magnesia in considerable quantity. 

Carbonate of lime is sometimes found associated with 
phosphate adhering to the surface of mucus voided from the 
diseased membrane of the bladder in advanced cases, 
which may possibly be the result of decomposition of the 
urine, but the mucous membrane can scarcely be supposed 
to secrete a carbonate. On the whole, the probability is 
greatly in favour of such deposits being dependent on the 
decomposition of the fluids passing over the membranes, 
rather than on any power on the part of the surfaces them- 
selves to secrete earthy salts. 

There is a condition of urine to which I have directed at- 
tention in a former part of this work, in which we find that 
it deposits a precipitate of the earthy phosphates on the ap- 
plication of heat. This state of urine has been described as 
dependent on the presence of an excess of the earthy salts, 
whereas it is rather the result of a tendency on the part of the 
constituents of the urine to arrange themselves in a peculiar 
manner; the phosphates thus depositing not necessarily in- 
dicating their presence in excess. The urine may be acid 
or alkaline, and yet this deposit occur; in the former case, 
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however, the deposit generally consists of the triple phos- 
phate. On considering generally the pathology of the pho-s- 
phatic deposits and the tendency to the secretion of alkaline 
urine, which is an almost constant concomitant, it would ap- 
pear that the general system, so far as is shown by the se- 
cretion of the kidney is rarely so seriously involved as has 
been supposed ; that, in fact, the mucous surfaces are in- 
volved rather than the nervous structures, which has been 
assumed as a condition necessary to the existence of this 
class of affection. The facts, we observe, in the great ma- 
jority of cases are easily explained on the former suppo- 
sition, while, if we except some cases of paraplegia, little 
else than gratuitous assumption has been brought forward in 
support of the latter opinion. 

In the management of these cases, it is of the utmost im- 
portance to watch the urine as an index of the effect of the 
remedies employed, and when about to commence treatment, 
much is to be done by examining the excretion several 
times before any plan is determined upon. If the general 
symptoms observed are those of gastric irritation, and the 
urine deposits mucus with either an amorphous or crystal- 
line phosphatic sediment, we may conclude that alkaline 
remedies are indicated as the first part of the treatment, and 
that the kidney is not greatly in fault. The bicarbonates 
may be exhibited with advantage in such cases. If, on the 
contrary, we observe a large amorphous deposit in conjunc- 
tion with blood and mucus, while the urine is extremely 
foetid, and incontinence exists as a symptom, we may con- 
clude that fatal disease is established, and the kidney in all 
probability is greatly involved in the mischief. Little 
remains to be done in such cases than to palliate the suf- 
ferings of the patient by attention to diet and regimen, while 
care is taken that any stricture existing is prevented exer- 
cising a pernicious influence by the constant use of the ca- 
theter. In the former class of cases, the use of alkalies 
should be discontinued immediately we percieve the urine 
to have become acid under their employment, and then 
alteratives, containing mild mercurials and ipecacuanha, 
with vegetable tonics, will generally complete the cure. It 
will be found in some few cases of recent origin, and of 
mild character, that the use of alkalies may be dispensed 
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with, and this is especially the case when the morobasic 
triple phosphate alone is secreted ; but if any considerable 
irritation be observed, and mucus detected in abnormal pro- 
portion in the urine, it is always well to combine an alkali 
with our tonic remedy. As regards diet in this form of 
disease, we can say little more than enjoin general tempe- 
rance and the use of nutritious and easily digestible food, 
while all articles of diet either solid or fluid, known by ex- 
perience to produce flatulency, should be carefully avoided. 
I shall now say a few words on the treatment of that form 
of phosphatic disease so often set up during the formation of 
a calculus, and which, as the result of irritation of the 
mucous membrane of the bladder, is complicated with 
certain peculiar conditions of the urine. A knowledge of 
these conditions is absolutely necessary before we can form 
a correct prognosis, and the determination of the value of 
signs observed must often influence the conduct of the sur- 
geon in attempting the permanent cure of his patient by 
operation. Whatever may be the nature of the original 
deposit forming a calculus in the bladder, it constantly 
happens in irritable subjects that the urine becomes alkaline, 
while mucus and phosphates occur as a deposit. The blad- 
der next becomes further affected, and pus is poured out in 
addition to the mucus and phosphates; while owing to the 
excretion of this pus from the lining membrane of the blad- 
der, albumen may be detected dissolved in the urine. 
Now, an albuminous state of urine occurring independently 
of the presence of pus or blood, and showing itself day after 
day, is an indication of disease of the kidney, and if such 
disease could be discovered to exist, our prognosis would be 
very unfavourable ; but if, on the contrary, we are able to 
trace the presence of the albumen dissolved in the urine to 
the existence of pus, our prognosis assumes a more favour- 
able character, and hopes may be reasonably entertained 
that on the extraction of the calculus the bladder will be re- 
lieved from irritation, and the urine assume its healthy 
qualities. Under these circnmstances it becomes of extreme 
importance to determine the absence of kidney disease; 
and we shall rarely fail to do so by attention to the following 
rule:— If the bladder alone be in fault, we shall always find 
that the quantity of albumen to be detected in the urine by 
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the nitric acid test will bear a proportion to the quantity of 
purulent deposit, and the urine must be examined from day 
to day in order to determine this point. If, on the con- 
trary, the albumen to be detected does not undergo dimi- 
nution or increase in quantity proportionally with the puru- 
lent deposit, we may reasonably suspect the kidney to be in- 
volved. A case of calculus in the bladder lately occurred 
at Guy's Hospital, under the care of my colleague, Mr. 
Morgan, in which I was consulted, in consequence of the 
existence of albumen in the urine rendering the propriety of 
operating a matter of doubt. In this case pus, mucus, 
and phosphates were passed from the bladder ; and by re- 
peated observation I assured myself that on favourable 
days, when but little pus appeared, a corresponding de- 
crease took place in the proportion of albumen in the urine. 

I therefore had no hesitation in expressing an opinion 
that the operation would benefit the patient, by relieving 
the bladder of that cause of irritation on which the pre- 
sence of albumen in the urine depended, and that in all 
probability the kidneys were unaffected. This patient 
underwent the operation, and recovered rapidly, his urine, 
after the healing of the wound, being no longer albuminous, 
which would not have been the case had he been affected 
with kidney disease. 

When relief from calculus symptoms cannot be obtained 
by operation, and phosphatic deposits become mechanically 
inconvenient, we shall generally find that the benefit which 
might at first view be hoped for from the solvent action of 
acid remedies cannot be obtained, inasmuch as the urinary 
mucous membrane only becomes the more irritated by their 
use, and the urine more loaded with mucus and phosphates. 
In such cases, alkalies in small dose are frequently of 
service, and much advantage has occasionally been gained 
by the dexterous use, on the part of the surgeon, of seda- 
tive injections made weakly acidulous by nitric acid. 
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ON THE OXALATE OF LIME DEPOSITS. 

Urine depositing the oxalate of lime often possesses a 
peculiar greenish-yellow colour. It is seldom of a specific 
gravity, varying greatly from that of health. Viewed under 
the microscope the deposit represents forms shown on the 
plate (fig. 9.) When examined chemically it yields the 
re-actions described at page 59. These crystalline forms 
would appear, according to the statements of Dr. Bird, to 
be of more common occurrence than was formerly supposed 
the case. 

The state of system on which the secretion of urine cha- 
racterised by the deposit of oxalate of lime depends is not 
well investigated. There appears some degree of proba- 
bility that it is connected with the formation of lithic acid 
in excess, and with that state of system in which a consi- 
derable portion of urea is secreted. This view has been 
advocated by Dr. Willis, and since adopted by others. Dr. 
Prout, however, states that he has known several instances 
in which the abuse of sugar led to the oxalic acid form of 
dyspepsia, and afterwards to the formation of calculus. 

The pathological chemistry of the subject is at present 
somewhat a matter of doubt, and it would almost appear 
that more than one source existed for the production of a 
tendency to this form of disease. Further and more cor- 
rect observations are needed into the physical condition of 
patients suffering from oxalate of lime deposit than any we 
yet possess. W T e find that chemistry is at no loss, how- 
ever, to devise theories for the transformation of several or- 
ganic principles into oxalic acid, and whether it be derived 
from sugar, urea, or lithic acid, we can make our formulae by 
abstracting or adding oxygen as the case may require. All 
this, however, must be looked upon as a display of inge- 
nuity on the part of the chemist, and we should wait till 
accurate and long-continued observation, conducted on the 
urine of patients, helps us to better evidence on which to 
found a conclusion. Unfortunately, the addition or sub- 
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traction of oxygen necessary to some of these theories has 
not been proved or even rendered probable, and no good 
reason has been given in most cases for transforming one 
proximate element rather than another for the formation of 
a diseased product. It is often the case that more than 
one proximate element would answer the purpose required, 
owing to their similarity of composition ; and the profusion 
with which chemists are in the habit of taking away or 
adding oxygen by as many atoms as may please them, still 
further lessens any difficulty that might at first appear to 
stand in the way of effecting an explanation. 

In connection, however, with the subject of oxalic acid, 
as produced in the urine, I have great pleasure in noticing 
a contribution to the pathology of oxalia disease by Dr. 
Aldridge of Dublin*, who so far differs from most other 
chemical theorists of the day that he has really rendered it 
more probable that oxalic acid is formed from lithic acid 
than from any other of the constituents of the urine. This 
gentleman has shown that lithic acid, by the addition of the 
elements of water, in varying proportion, may theoretically 
be converted into oxalate and carbonate of ammonia, hy- 
drocyanic and formic acids, according to the circumstances 
of decomposition, and further, by heating urine, and in 
some cases evaporating it, has succeeded in producing re- 
actions in the fluid indicative of the presence of the acids 
above named ; oxalate of lime depositing, while evidence of 
the hydrocyanic and formic acids could be obtained from the 
fluid. This is really a step in pathology, and has more prac- 
tical bearings than may at first sight appear evident. Now 
when urine is secreted by the healthy organism, we know that 
the constituents are so arranged, that the fluid possesses cer- 
tain definite qualities recognised as those indicative of health, 
and that when disease sets in, there is sometimes observed 
a tendency on the part of the constituent elements of the 
fluid to arrange themselves in a different manner to this, 
and that, too, without any very notable increase or decrease 
in the proportion of such elements being observed. Con- 
sidering the question in this point of view, and remembering 
that in Dr. Aldridge's experiments no re-agents were had 

* See Bird on Urinary Deposits, p. 160. 
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recourse to, and that ebullition alone produced oxalate of 
lime in healthy urine, which did not yield such crystals be- 
fore being boiled, we are justified in the belief that such a 
deposit may very easily form in the urine in certain states 
of system after secretion by the kidneys, and during its de- 
tention in the urinary tubes and bladder. It seems highly 
probable that in some cases which have been described, 
the oxalate of lime has been rather formed after the urine 
has been secreted, than as a result of the secreting process; 
and Dr. Aldridge's experiments point to the absolute ne- 
cessity of examining urine soon after excretion, and without 
applying heat, which tends to the formation of oxalate of 
lime even in healthy urine. 

The symptoms observed in those who suffer from the ox- 
alate of lime deposit are characteristic of general debility 
and irritation, not unlike those observed in the phosphatic 
form of disease ; with the exception, that the patient is 
liable to the more severe forms of hypochondriasis, and fre- 
quently to such an extent as to cause considerable anxiety 
on this account alone. This tendency to extreme depression 
indeed would seem to form a distinctive character of the 
complaint. The uneasiness experienced after taking food, 
so commonly felt in dyspepsia, is, in this disease, very fre- 
quently accompanied with distui^ance of the circulatory 
system, attended with palpitation and dyspnoea. The bowels 
are often constipated while the tongue is coated and white. 

In advanced cases, however, we sometimes observe the 
tongue to be dry, clean, and glazed. When oxalate of lime 
calculi are forming we frequently observe a tendency to 
haemorrhage from the kidney, w T hich accounts for the pe- 
culiar colour observed in this variety of concretion. 

In advanced cases of this disease Dr. Prout describes a 
peculiar tint of complexion, of which, however, I have 
never been able to satisfy myself, though I lately observed 
very much what he has described in a patient suffering from 
calculous symptoms, whose urine, unfortunately, I had not 
an opportunity of examining, but whose history was by no 
means discordant with the existence of oxalate of lime in 
the urine. 

The treatment of this form of disease in the early stage 
is such as is applicable to all forms of dyspepsia. It is often 
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combined with symptoms of irritation and mental anxiety, 
which demand the use of sedatives in combination with 
alteratives ; but it is advisable, as much as possible, to avoid 
the use of the former. I have no doubt that much mischief 
has arisen from the indiscriminate use of sedatives for the 
cure of this disease, and that attention to diet, with th*e en- 
forcement of regular exercise, especially in the evening 
shortly before retiring to rest, would have answered every 
purpose, without enfeebling the system as by the use of 
hyoscyamus, conium, and such class of remedies. A fish 
diet is of the greatest service in this affection, nor is there 
any objection to the use of vegetables in moderation. Wine 
is very generally preferable to beer, which can seldom be 
taken by the patient without giving rise to distressing flatu- 
lency. In severe cases the use of frictions to the skin is 
advisable every morning, with the warm bath at intervals 
of three days ; but in slighter cases cold bathing and friction 
is of far more service, and will be found to assist and ex- 
pedite the cure in every case, as recovery advances. As 
regards the use of medicine, there is no doubt that in 
effecting the removal of the oxalate of lime deposit great 
benefit is frequently derived by following Dr. Prout's 
suggestion of prescribing acids ; but perhaps the most im- 
portant secret, in mild cases, consists in emptying the in- 
testinal canal, which will sometimes be found sufficient to 
remove the whole mischief. Attention to this point, com- 
bined with the administration of alteratives, and acid tonics, 
comprises nearly all that need be done in the general treat- 
ment of oxalate of lime deposit. The severer form of this 
affection is to be classed among the most obstinate of urinary 
diseases, and being liable to return upon the least exposure 
or intemperance, the patient often becomes a prey to the 
most complete despondency. In such cases calculi fre- 
quently form, and the phosphatic salts appear in the urine, 
which loses its acid re-action, while the state of the patient 
deters the surgeon from removing, by an operation, that 
which has now become an additional source of misery. In, 
this form of urine, the exhibition of alkaline remedies is of 
the greatest service. The liquor potassae or bicarbonate of 
potash, in moderate dose, combined with hyoscyamus and 
mucilage, are to be preferred, while, if there be much irri- 
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tation during the night, with frequent micturition, an opium 
suppository should be introduced, followed in the morning 
by a saline purgative. 

There is an anaemiated condition in these patients, which 
is greatly benefited by the administration of iron and salines; 
and when the more urgent symptoms can be subdued, it is 
always right to have recourse to such a plan of treatment. 

CYSTINE, ETC. 

The cases in which cystine has been detected as a con- 
stituent of the urine have been so few that sufficient oppor- 
tunity has not yet been afforded of investigating the 
pathology of the subject, and ascertaining the principles 
which should guide us in treatment. I shall not, therefore, 
enter here upon a description of the disease; and for the 
same reason, while considering treatment, refrain from 
noticing the subjects of xanthine and the fibrinous calculus. 
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ON ALBUMINURIA, OR THE MORBUS BRIGHTII. 

This disease has now been a matter of observation and 
experiment to the profession for many years, but un- 
fortunately so far as treatment is concerned, little advance 
has been made since the discovery of Dr. Bright was first 
announced to the public ; and it is curious to reflect upon the 
fact, that, while in its milder or more recent forms it occa- 
sionally yields to the simplest remedies, yet in a somewhat 
more advanced stage every variety of means adopted for its 
cure has either failed or met with but partial success. We 
can, however, I believe in the present day, do more to 
lengthen life, and render it supportable by the application 
of remedies in the advanced stages than was formerly the 
case ; and our inability to perform cures must rather be at- 
tributed to the nature of the affection than the want of per- 
spicacity on the part of the profession. 

The researches of Dr. Bright, which pointed out the con- 
nection between this albuminous state of the urine and 
granular disease of the kidney, first attracted attention in 
connection with the subject of anasarca; but the further 
observations and publications of that discoverer subse- 
quently made us acquainted with other and more general 
states of system of the highest importance to pathology, as 
connected with the excretion of albumen with the urine. 
We may now, indeed, regard the state of kidney as asso- 
ciated with albuminous urine as indicative of a state of the 
fluids generally, tending to modify and complicate nearly 
every disease to which the patient may become liable, either 
from exposure or accident. Not only do we occasionally 
observe kidney disease and albuminuria, when no indica- 
tions of anasarca can be detected in the patient, but I have 
known some of the most fatal cases of apoplectic seizure to 
occur in those who exhibited scarcely any signs of oedema, 
showing that anasarca must be regarded only as an occa- 
sional and not necessary symptom of some general morbid 
derangement. Why the kidney should be more prone to 
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congestion or granular deposit than any other organ cannot 
be explained in the present state of our knowledge; but if 
■we assume the blood as first implicated in the disease, this 
would seem a necessary step to prove, as all the other 
organs are supplied with the same blood. This is a diffi- 
culty; and yet that the kidney is originally involved 
scarcely seems consistent either with physiology or the 
history of the complaint. Thus, in the mild forms admit- 
ting of cure, we very often observe extreme degeneration of 
the blood, and the urine loaded with albumen, and yet in 
such intances the kidney can be but slightly diseased, for 
permanent recovery often takes place. The albuminous 
urine appears, therefore, in such cases to be connected 
rather with a degeneration of the fluids than a disease of 
the kidney, since that organ is almost certainly in merely 
a congested condition. The researches in morbid anatomy 
which have been pursued in connection with this subject 
seem clearly to point to the kidney as the first link in the 
chain of causation so far as the solids are concerned; and 
the lesions of heart and liver so often remarked in cases of 
albuminuria hold comparatively an unimportant place in 
the pathology of the affection. The changes effected in 
the kidney during the early stage have been noticed princi- 
pally in- acute cases, rapidly fatal from the supervention of 
some disease complicating an important organ. In such 
patients the kidney has shown extreme congestion, the cor- 
tical portion especially being distended, and appearing as 
though the cellular structure of the organ had become filled 
with extravasated blood, giving it a dark, chocolate-brown 
colour. The next change observed in the kidney in the 
course of this disease may be regarded as that indicative of 
the commencement of grave mischief, and threatening per- 
manent alteration of the structure of the organ. The corti- 
cal portion now becomes impregnated with an albuminous 
deposit, encroaching gradually at parts upon the tubular 
structure. At this stage the organ frequently varies from 
its natural size, becoming larger and softer, or smaller and 
harder ; its colour also changes to a more yellow tinge, and 
white markings and dots appear on its surface, giving an 
appearance of mottling, which at once strikes the eye on 
tearing off the investing membrane. In the latter stages of 
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degeneration the kidneys become one mass of disease ; the 
tubular as well as cortical portion has become compressed 
by the morbid deposit ; absorption of their natural structure 
seems to have taken place, and they are generally found 
compressed and hardened. When cut through, the natural 
structure seems to have become obliterated ; and the whole 
organs appear made up of a white albuminous matter, 
representing imperfectly, in some places, an approach to 
tubular arrangement. The kidney is now generally ob- 
served to present an irregular surface, the protuberances 
varying in size from mere papillary elevations to large 
rounded prominences, which give a lobulated form to the 
organ. When the investing membrane is torn off', we see 
the kidney of a light colour, with occasional dark spots or 
ecchymoses in streaks variegating its surface. 

The above are the principal appearances put on by the 
kidney, as the granular disease advances, and in every 
stage we observe the urine to contain albumen. The first 
question which might be expected from the pathologist who 
was for the first time made acquainted with the fact that 
this degeneration of the kidney was accompanied with the 
excretion of albumen by the kidney, would be an inquiry 
as to whether the proportion of this principle found in the 
urine bore any relation whatever to the stage of degenera- 
tion to which the kidney had advanced. This relation, 
however, is wanting; and we yet need a guide for de- 
termining, in many cases at least, at what stage the disease 
may have arrived when examining our patient. 

The proportion of albumen excreted is generally observed 
most abundant in early stages of this affection, and is some- 
times scanty in very advanced cases ; the reverse of this, 
however, is sometimes the case in these latter instances. 
In early cases the specific gravity of the urine is often but 
little changed from that of health ; but I have occasionally 
seen it as light as 1010 and 1012 — a specific gravity which 
rather belongs to the latter periods of the disease. In the 
early stages the quantity of urine excreted is very variable, 
being sometimes much less than the healthy proportion, and 
at others equalling that amount. This, together with the 
fact that the specific gravity of health is sometimes main- 
tained, might lead to the supposition that the evacuatiiou 
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of solids by the kidneys was going on to a natural extent ; 
but Dr. Cbristison has shown that the preservation of the 
normal specific gravity is owing to the presence of albumen ; 
and that if we separate this principle we shall find evidence, 
from the decrease in the weight of the urine, that the daily 
discharge of the normal solid matters by the kidney is much 
less than that occurring in health. In the advanced stages 
of the disease the quantity of urine passed during the day- 
is very variable ; it occasionally possesses a very low spe- 
cific gravity, generally from 1010 to 1015, and the propor- 
tion of urea is greatly diminished. In one specimen I exa- 
mined no trace of lithic acid could be detected.* When 
a large proportion is passed, this low specific gravity always 
pertains; but sometimes when the skin has been active (a 
common occurrence in advanced cases,) the specific gravity 
of the urine will rise nearly to the normal standard, a pro- 
portional decrease occurring in the quantity excreted. In 
the later as well as early stages of this affection, the solid, 
matter evacuated with the urine during the day is far below 
the proportion of health. 

When testing urine for albumen, we should never be 
contented with a single examination, as it has been observed 
free from albumen on some days, even in confirmed cases. 

The state of the blood in advanced stages of this disease 
is such as to render it unfit for the discharge of those func- 
tions necessary to the preservation of life, and it early be- 
comes materially degenerated. The three conditions most 
prominently shown by analysis are the deficient proportions 
of albumen and haernatosine, according to the stage of the 
disease, and the existence of urea in the blood, probably 
in conjunction with other principles found only in the urine 
in the healthy state of the system. This contamination of 
the blood by urea occurs in various other affections, and ap- 
pears common to every condition of body characterised by 
ischuria to any extent. 

Immediately that albumen commences passing from the 
kidney the blood begins to degenerate. The proportion of 
albumen becomes less, and the specific gravity of the li- 

* It has been considered as probable that in the course of this dis- 
ease the lithic acid or lithates may alternate with albumen in the. 
urine. Vide Med. Gaz. April 9, 183G. 
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quor sanguinis diminishes. As the disease advances, the 
proportion of blood corpuscles is observed to decrease, 
while not uncommonly the albumen approaches to its 
healthy proportion. The quantity of fibrin varies greatly, 
being generally, however, somewhat above the natural pro- 
portion, and becoming increased if any inflammatory action 
takes place in the course of the disease. Dr. Christison 
states that he has observed the albumen in the serum of 
some advanced cases to be above the healthy proportion. 
I have never yet observed this ; but more than once have 
known it approach the proportion of health. The highest 
specific gravity of serum observed by Dr. C. was 1031 in 
the advanced stage, and 1019 is mentioned by him as the 
lowest in the early stage. In the latter case, however, I 
once saw serum as low as 1015.* 

Having now given a general sketch of the changes ob- 
served in the kidney and the degenerations of the blood 
and urine characteristic of this disease, I proceed to con- 
sider the causes and symptoms ; premising, that there is a 
difference observed in its duration and severity which ap- 
pears to authorise a division into the acute and chronic 
forms. 

When albuminuria sets in it is often to be traced to ex- 
posure to cold, or a damp and cold atmosphere, under cir- 
cumstances of depression and fatigue, sometimes, also, to 
intemperance, and, more especially, the use of ardent 
spirits. The type this disease may assume, as regards the 
acute and chronic forms, would appear to depend on the 
age, constitution, and habits of life of the patient. Thus 
in some we find such exposure followed by immediate and 
violent re-action, indicated by a hot skin and dry tongue, 
with a hard pulse, pain in the head, and severe thirst, while 
pain in the loins, and sometimes, but not always, ischuria, 
point to the kidney as the seat of mischief. The urine is 
high coloured, loaded with albumen, and occasionally 
tinged with blood. The stomach is irritable, and vomiting 
not unfrequerrtly occurs, while partial oedema of the face, 
or complete anasarca, are the most common concomitants. 

* For physico-chemical experiments on the causes of deterioration 
of the blood in the Morbus Brig-htii, vide Guv's Hospital Reports, 
April, 1843. J 
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There is great liability to complication by serous inflamma- 
tion in this form of the disease ; and it is thus, in fatal cases, 
that life is most frequently destroyed. All symptoms which 
may be referred to the brain are to be carefully watched ; 
as coma and epileptico-apoplectic seizures will sometimes 
suddenly prove fatal.* When by the early application of 
remedies this acute form of albuminuria is relieved, it ap- 
pears probable that complete and permanent cure is some- 
times effected ; but, again, in a large number of cases there 
is little doubt that such acute attack is followed, at no very 
distant interval, by the same set of symptoms assuming a 
more chronic type ; and that by repetitions of these attacks 
the patient sooner or later sinks. 

Mild cases of short duration, and generally admitting of 
permanent relief, are often observed after scarlatina in 
children, occasioning the anasarca so common as a sequel 
to that disease. 

As regards the chronic form of albuminuria, though we 
often find on interrogating our patients that they have 
before suffered from anasarca and other symptoms indica- 
tive of the previous occurrence of the acute disease, we as 
often meet witb chronic symptoms as the first indicated by 
the patient ; and these not unfrequently supervene in so 
masked a manner, and encroach so gradually on the com- 
fort of the individual, that a practised eye is necessary to 
detect the disease by the slight indications now afforded, 
and which, when the condition of the urine has been over- 
looked, have often passed for those of dyspepsia or inac- 
tivity of the liver. As regards the symptoms in this 
chronic form of the affection (though nearly identical in 
kind,) we have them present in a less marked degree than 
when characteristic of the acute disease. The pain in the 
loins is much less severe, and sometimes absent. Ischuria, 
as in the acute form, is not necessarily a symptom, and 
more commonly, as stated before, large quantities of urine 
are voided ; from 70 to 100 ounces per diem being no un- 
common discharge. Anasarca is frequently wanting as a 
symptom, or only indicated by slight oedema of the face; 

* See Guy's Hospital Reports, No. 8. Dr. Addison on Dis- 
orders of the Brain connected with Disease of the Kidneys. 
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thus the under eyelids are occasionally swelled, and that 
only in the morning, and sometimes so slightly, that the pa- 
tient does not observe it. Dyspeptic ailments, with irri- 
tability of stomach, are often present ; and when com- 
plained of as producing vomiting, may serve to guide us 
to the examination of the urine, and consequent detection 
of the true nature of the patient's disease. In this chronic 
form of the complaint it is often observed that the urine be- 
comes a source of irritation to the bladder, and the patient 
is distressed with frequent desire to make water, leaving 
his bed several times in the night for that purpose. This 
condition is not necessarily connected with a discharge of 
lithates or lilhic acid, which are the common deposits in 
albuminuria, nor with any peculiarity of the excretion as 
yet ascertained. 

There are many complications attendant on this disease 
of the kidneys, dependent, in all probability, on the state of 
the blood, though we are at present unable to trace the 
manner in which it influences the solids, and much remains 
for experiment and observation. It may be well to remark, 
however, in connection with this subject, that the deficient 
proportion of albumen and haematosine, the one observed 
in the early and the other in the later stages of the disease, 
are as prominently marked in certain cases of leucorrhcea 
going on to chlorotic anaemia, as in the disease of which we 
are now treating; and that I have had occasion to prove 
the presence of urea in the blood, and that too in consider- 
able quantity, in a case of the mild form of albuminuria oc- 
curring after scarlatina, and which was rapidly cured. 
These facts would seem to show that the state of the blood 
in albuminuria requires further experiment. The organs 
most commonly implicated in albuminuria, in addition to 
the kidneys are the heart, the liver, and the brain ; and in 
examining cases it is of great importance to ascertain their 
conditions, so far as we are able, by physical signs, as well 
as by the evidence to be obtained from symptoms described 
by the patient. The state of the brain especially should be 
watched, as death is commonly occasioned by implication 
of that organ. In many cases, however, oedema of the 
glottis with more or less bronchitis, or sudden effusion into 
the pericardium, closes the disease. 



ALBUMINURIA. 123 

The treatment of acute albuminuria differs materially 
from that adapted to the relief of the chronic form of the 
disease; and we frequently find xhat the simplest means are 
capable of working a permanent and rapid cure. This is 
remarkably the case in those instances of albuminuria and 
anasarca observed after scarlatina, in which mild purgatives 
and salines are generally found sufficient remedies. In 
other cases, however, the acute form of this disease is at- 
tended with violent symptoms requiring the active inter- 
ference of treatment for the preservation of life ; and this re- 
mark applies to some few cases of anasarca occurring after 
scarlatina, though these, for the most part, are mild in 
character. 

When acute albuminuria exists, I have always found the 
greatest benefit from treating the disease by the application 
of remedies affecting the skin. Of the various plans of 
treatment recommended, nearly all of which I have either 
seen practised or myself prescribed, I must confess that 
none ever impressed me so fully with a conviction of its 
beneficial effect as that which enforced the use of diapho- 
retic remedies as a principal means of obtaining relief. 
The favourable results which have been observed from the 
use of antimony I feel no hesitation in ascribing purely to 
its diaphoretic action, and further than this, am inclined to 
prefer, in most cases, the use of ipecacuanha, or of Dover's 
powder: the latter a formula in which the opium present 
assists us greatly in obtaining a ready action on the skin. 
The use of the warm bath every other day, with acetate of 
ammonia and Dover's powder, taken in draught twice 
during the twenty-four hours, if combined with the occa- 
sional administration of saline purgatives, will generally be 
found an excellent plan of affording relief in acute cases, 
unattended with any inflammatory complications. 

When, however, bronchitis or pneumonia are discovered 
to exist, we should have recourse to depletion with mercu- 
rials, but may still continue our diaphoretics as a part of 
the treatment. As regards depletion in the acute stage of 
albuminuria, all that we know of the state of the blood in 
the disease would lead to its disuse, as a remedy having a 
tendency to lead the case into the chronic form of the af- 
fection, by decreasing the proportion of red corpuscles in 
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the blood ; and though I have occasionally observed be- 
nefit from the use of the lancet or cupping, I do not believe 
such treatment to possess any advantage over the diapho- 
retic plan ; and unless rendered an imperative measure by 
the presence of high inflammatory complications, experience 
has made me averse to its use in every form of this disease. 
The strong objection to the use of mercury expressed by 
many writers on this subject, though it would appear justified 
by the results of some few cases which have been subjected 
to the mercurial influence, is not so strongly impressed upon 
my mind as to induce me altogether to reject it as a remedy 
in acute cases, even when no complications exist. It ap- 
pears to relieve the kidney greatly, but care must be used 
in its exhibition ; and very small doses of mild mercurials 
are sufficient for the required purpose, as this mineral pro- 
duces its effects very rapidly in albuminuria, occasionally 
causing profuse ptyalism whtm not more than two or three 
grains of calomel have been taken by the patient. In the 
more chronic form of albuminuria the employment of dia- 
phoretics is of almost as much importance as in the acute 
disease ; but it now becomes necessary to avoid their 
use to such an extent as to produce a depressing effect 
on the system. Patients on whom we are inducing dia- 
phoresis, either by means of antimony, ipecacuanha, or any 
other medicine, should be constantly watched, and the 
remedy discontinued on the first signs of remission in the 
power of the pulse. 

The free use of purgatives is of the greatest importance 
when commencing the treatment of the chronic form of this 
disease, and is a most powerful means of lessening the pain- 
ful tension of the skin produced by anasarcous effusion, and 
often relieves the patient in a surprising manner from the 
dull sleepiness and tendency to coma, a cause for so much 
anxiety to the practitioner. The anaemia existing in this 
chronic form of albuminuria is best treated by those reme- 
dies known to influence the blood, and to assist in restoring 
it to its healthy constitution. When the first distress expe- 
rienced by tense anasarca or pain in the loins is relieved by 
the use of diaphoretics and purgatives, the greatest benefit 
will accrue from the use of ferruginous medicines. The 
lactate of iron given three or four times a day in doses of 
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five grains, with columba or any mild tonic, I believe is 
better adapted to restore the patient than any medicine 
with which I am acquainted. 

As regards local treatment directed to the kidney, the 
use of counter irritation is greatly to be advised in cases of 
chronic albuminuria which are not very advanced. Setons 
or issues in the lumbar region I have known to assist in 
obtaining an early recovery. Much has been said con- 
cerning the propriety of administering diuretic forms of 
remedy in albuminuria, and it would appear desirable in 
most cases to avoid them ; indeed they will often be found 
to produce considerable distress when the pulse is hard, 
and the tendency to the excretion of large quantities of 
albumen is observed on examining the urine. In some 
advanced cases, however, I have seen digitalis in small 
dose combined with squills of service in relieving symptoms 
of ischuria and bronchitis; as a general rule, my conviction 
is that thev are better avoided. 
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CHYLO-SEROUS URINE. 

The chemical history of chylo-serous urine is given in 
the Appendix. 

I have seen but one case of this disease, which is of rare 
occurrence in our climate, and more frequently observed in 
warmer latitudes. The pathology of the afiection is ex- 
ceedingly obscure, and is probably connected with the 
history of a subject as yet but imperfectly investigated; viz. 
the changes occurring in the circulation during the admis- 
sion of chyle. It is well ascertained that the disease may 
exist for many years without creating much distress. Ac- 
cording to an observation made by Dr. Prout, on the body 
of a patient who died of inflammation of the bowels while 
passing this kind of urine, it would appear that its presence 
is not necessarily connected with any appreciable organic 
lesion of the kidneys. No particular remedy or plan of 
treatment has exercised any special influence upon the 
disease, though benefit has been derived, as in most other 
cases, from carefully watching and treating symptoms. 

The obscure pathology of this affection/ and its rare 
occurrence in this country, induce me to pass it with this 
slight notice, notwithstanding that its connection with the 
subject of sanguification affords an inviting field for hypo- 
thetical reasoning. 
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ON DIABETES. 

The urine passed in this form of disease contains sugar, 
and is of high specific gravity, being generally above 1030, 
and often as high as 1057. Dr. Prout states that he has 
seen it as low as 1015. It is but rarely, however, that it is 
observed even so low as 1025. Diabetic urine is of a pale 
straw colour, and clear, seldom depositing a sediment, and 
froths considerably when agitated. The quantity passed 
during the twenty-four hours is very great, varying how- 
ever from four to thirty pints ; the latter is an excessively 
rare quantity, and we shall seldom observe excretion to 
half the amount. The odour of diabetic urine is peculiar, 
resembling that of hay, but of a more pungent character.* 

When a deposit occurs in diabetes, it will generally be 
found to consist of lithic acid, and its presence is considered 
by Dr. Prout as a favourable symptom. We also occa- 
sionally meet with caseous matter as an urinary deposit, 
and when present it induces rapid fermentation. The pro- 
portion of ure& in diabetic urine is generally diminished; 
and in the course of the disease that principle is not always 
excreted in normal quantity, notwithstanding the large bulk 
of urine discharged daily, and we are occasionally able to 
detect it in the blood of the patient. The microscopic ap- 
pearance of the fungoid growth found diffused in diabetic 
urine is given on the Plate (fig. 15.) 

At the commencement of diabetes the train of symptoms 
are as follows: — General dyspeptic lassitude after food, and 
occasional gastrodymia are observed, notwithstanding that 
the appetite is good, and sometimes excessive. The bowels 
are constipated, the pulse irritable, and the tongue coated 
with a white mucus, which, when removed, leaves a glossy 
red appearance of the organ. Pain in the loins is often 

* In some aggra vn ted esses of diabetes, the weight of egesta 
absolutely exceeds that of the ingesta, a fact first clearly pointed out 
by Mr. M'Gregor. 
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present, and the skin is dry, yielding a white scurf on the 
least friction ; the flow of urine is increased, an-d thirst is 
an early and prominent symptom. 

This disease is very insidious at the commencement, and 
its symptoms are not unfrequently overlooked as those of 
common dyspepsia, generally owing, I believe, to the time 
required by the patient to become aware of the increased 
flow of urine, which is that feature of the disease most 
likely to attract the attention of the practitioner to the true 
nature of the case. Of the two symptoms most prominently 
marked, viz. the thirst, and the increased flow of urine, I 
believe the former will, however, more frequently serve to 
assist our diagnosis than the latter, for the reason that it 
more prominently affects the comfort of the patient, and is 
therefore more likely to be related as a symptom. It cer- 
tainly has happened to myself to have had this urged upon 
my attention by patients, who made no allusion to diuresis 
until especial inquiries were directed to the point. The 
value of this indication cannot be too strongly impressed on 
the mind of the practitioner ; and whenever dyspepsia is 
attended with thirst, it is right to examine the urine parti- 
cularly. 

When diabetes is an advanced stage, emaciation becomes 
a very prominent symptom. The tongue presents a peculiar 
dry and red appearance, and is sometimes cleft in ruga?, 
while aphthous inflammation affects the gums and mouth. 
The appetite is ravenous, and the breath possesses a peculiar 
odour, while the urine passed is in large quantity and of 
high specific gravity. There is also a general feeling of 
lassitude, and occasional giddiness, with a tendency to sleep 
during the day. The venereal appetite is frequently de- 
ficient. These symptoms increase, and death is most com- 
monly occasioned either by an attack of effusion on the 
brain, gradually ushered in by coma, or by the supervention 
of phthisis, a frequent complication of this disorder. 

Post-mortem examinations have shown little else in this 
disease than enlargement of the kidneys, and a peculiar 
appearance of the blood, with some few of the ordinary 
effects of debility. 

The general belief that diabetes is necessarily a fatal 
disease has in all probability arisen from the circumstance 
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that it was formerly seldom detected until far advanced, 
and beyond the reach of remedies. 

Attention having been of late, however, more actively 
directed to the general subject of urinary disease, cases are 
earlier detected and subjected to treatment ; and it now 
occasionally happens that we meet with patients with a 
well authenticated and old diabetic history, who, on ex- 
amination, show no signs of diabetes, appearing to have 
been permanently cured, and who only apply to the medical 
man for complaints not necessarily connected with the 
original malady. I am now attending a case of this de- 
scription. The causes producing diabetes have been stated 
very variously by writers. Mercurial erythism and inherited 
taint, either scrofulous or directly diabetic, are quoted as 
predisposing to the disease ; but, with the exception of the 
latter, the causes noticed appear merely such as tend to the 
development of general debility. 

Among the exciting causes, Dr. Prout enumerates mental 
anxiety; and every one who has seen much of this disease 
will agree that mental distress is often a part of the past 
history of diabetic patients. In the present state of our 
knowledge, however, we are unable to trace this disease 
to any very especial cause. 

The observations which have been made on this disease 
in all its relations and in every stage have not yet been re- 
warded with success, so far as regards obtaining a know- 
ledge of its true nature. 

A near approach to this, however, has been made by Mr. 
M'Gregor ; who, in several valuable communications laid 
before the profession, has shown that sugar is developed in 
diabetes during digestion, having succeeded in obtaining it 
from fluid vomited after a meal. This is a very valuable 
point to have decided; and it seems to prove that either 
the stomach or salivary glands must be seriously involved, 
since the food has only been subjected to the action of the 
secretions of these organs, when sugar admits of detection 
in considerable quantity. 

In connection with this subject, I now have to notice the 
observations of M. Mialhe, which are replete with interest 
so far as regards the formation of sugar in the stomach. M. 
Mialhe has proved that in the digestion of amylaceous and 

9 
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saccharine ingesta the saliva takes a prominent part ; and 
he has separated from that secretion a substance analogous 
to diastase, to which he gives the name of animal diastase. 
This principle decomposes starch into dextrine, and re- 
quires a very short time for the purpose, as he proves by 
the blue colour of iodide of farina, not being produced 
when starch is submitted to the action of the diastase, and 
iodine is subsequently added. The importance of this dis- 
covery, with reference to the pathology of diabetes, will at 
once occur to every mind ; and if this constituent of the 
saliva is alone concerned in the digestion of amylaceous 
and saccharine ingesta, or in any way necessary to the re- 
sult, it would seem that the disease should be investigated 
with relation to the condition of the salivary glands; a 
point of view in which it has never yet received the atten- 
tion of pathologists. M. Mialhe, in a paper on diabetes, 
has stated it as his belief, that saccharine and amylaceous 
principles are partly assimilated by an action consequent on 
admixture with the alkaline matters of the blood. It ap- 
pears, however, according to the experiments of MM. Ber- 
nard and Barreswil,* that if sugar is injected into the blood, 
it is passed as such by the kidneys ; while, if it first be 
subjected to the action of the gastric juice, it cannot be 
detected in the urine ; which shows that the alkali of the 
blood alone is insufficient to effect the transformation. 

It is pretty certain that the stomach of every animal 
during digestion contains saliva as well as gastric secretion; 
and it appears, therefore, very likely, that the diastase of 
the saliva effected the transformation in the experiments of 
MM. Bernard and Barreswil, and not the gastric juice. 

In taking this as a guide to the pathology of diabetes, 
we have as yet little but chemical evidence to assist us. It 
is clear, however, that sugar in diabetic cases is first formed 
in the stomach when amylaceous ingesta are taken ; and, 
therefore, that either pepsin or salivary diastase fail in their 
action, or are not present to assist in digestion ; and the ex- 
periments of M. Mialhe seem clearly to point to the action 
of saliva as the active means of effecting the transformations 
of health. 

* Comptes Rendus, Dec. 7. 1843, and April 15, 1844. 
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It has often appeared to me that the importance of the 
saliva has been underrated. The large quantity secreted 
and poured into the stomach during a meal, and the ex- 
istence of a substance closely resembling, if not absolutely 
identical with, salivary matter in the chyle of animals, 
would seem to indicate that it plays some more important 
part in the economy than any with which we have yet 
become acquainted. The obscurity still involving the pa- 
thology of diabetes entitles every suggestion connected with 
it to the most attentive consideration of the practitioner; 
and the state of the salivary glands and their secretion will, 
I trust, before long, be fully investigated in this disease. 
There is a fact connected with the history of diabetes, 
which I have several times had occasion to observe ; it is 
that on some days, and that too in advanced cases, the 
suo-ar is not to be detected in the urine, while the high 
specific gravity of the secretion is kept up by the presence 
of an enormous excess of urea taking as it were the place 
of the sugar. I believe this has been observed before by 
others. During some experiments I made on the use of 
oxalic acid in diabetes, I observed this alternation of urea 
and sugar to occur very frequently, and was inclined at the 
time to regard it as an effect of the remedy ; but I have 
since known it to occur without any acid form of medicine 
having been prescribed. 

The treatment of diabetes proposed from time to time has 
varied greatly in character. It is true that for the most part 
it has agreed in the one particular, in consisting of means 
directed to the stomach; but still some of those remedies 
considered as the most efficacious have been such as in 
health greatly tend to the derangement of that organ. 
\mona the most powerful of these may be placed opium, 
which,"in combination with other medicines, is frequently 
of service in checking symptoms, and has occasionally been 
known so far to restore the patient as to justify a hope that 
permanent benefit had been obtained. As regards the sto- 
machic remedies, we find the alkalies and acids have both 
been fully tried ; and the alkaline earth magnesia is still 
highly prized, as of service in this disease, by many expe- 
rienced practitioners. Nitric acid has enjoyed an equa y 
h>h reputation in the hands of others; and I have recently 
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seen apparent advantage derived from the continued use of 
hydrochloric acid. It has always appeared to me, however, 
that the cases most benefited by treatment have been those 
in which no special regard has been paid to a specific 
remedy, but where general principles have been carried out 
steadily, and so as to meet every emergency as it arose. 
The use of opium, though it is always found to diminish the 
quantity of water excreted, can in no way be regarded as an 
advisable measure, if the drug be exhibited in itsuncombined 
state. Large doses become eventually necessary to keep up 
the effect first produced ; and whatever apparent benefit may 
be observed in the secretion of the kidney, we find the general 
symptoms of the disease become aggravated, and, moreover, 
that considerable difficulty is experienced in desisting from 
the use of the remedy. The Dover's powder is a favourite 
medicine in this disease ; and I have constantly seen the 
greatest benefit follow its use, and considerable relief af- 
forded to the patient by its bringing about the partial re- 
storation of the function of the skin. In acute cases, when 
pain is felt in the loins or head, the use of this remedy, com- 
bined with the hydrargyrum cum creta, in small divided 
doses taken during the day, will be found a most valuable 
means of decreasing action, and with the use of moderate 
bleedings greatly to assist in affording relief to drowsiness 
which forms a distressing symptom in some cases. 

In addition to the above remedies, I know of none more 
applicable in the chronic form of the affection than mag- 
nesia taken frequently during the day. Warm bathing at 
intervals of a day or two is of great assistance ; and if we 
can sufficiently restore the powers of our patient, this may 
afterwards be replaced by cold sponging, or the shower- 
bath. It is absolutely necessary, however, that the pulse 
should improve, and the power of undergoing fatigue have 
increased, before the skin is called upon for this re-action, 
and the cold bath should always be taken immediately on 
rising from bed, when the powers of life are recruited and 
in full vigour. Among the tonics which have acquired 
credit in the treatment of diabetes, are several metallic salts; 
the sulphates of zinc and iron, and the phosphate and 
lactate of the latter, have been used with benefit. Various 
vegetable tonics have also at times flattered the practitioner 
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into a belief of their efficacy. Whatever may be the plan 
adopted, however, one important indication should never 
be lost sight of, and that is, the constipated state of the 
bowels almost always observed in this disease. 

The importance of attending to this point will at once be 
obvious, when we remember the emaciation so characteristic 
of this affection, and the propriety of affording as large a 
surface of intestine as possible for lacteal absorption, which 
cannot take place if the intestinal canal be obstructed. As 
regards the diet best suited to this form of disease, it ap- 
pears any thing but reasonable to subject the stomach to 
the severe discipline which has been applied by the fashion 
of the day in prohibiting the use of vegetable food, and 
restricting the patient to a purely animal diet. 

All the benefit derived from this plan of treatment con- 
sists in the fact that the profession are now well aware that 
the diabetic stomach will not convert fibrinous and albumi- 
nous ingesta into sugar, but that any advantage has accrued 
to the patient is greatly a matter of doubt. Several cases 
which I have seen do best have not been so restricted as 
regards vegetable aliment, but have been fed upon a whole- 
some, mixed, but restricted diet. The patient should be 
allowed his ordinary food, unless it be of a nature obviously 
calculated to produce or maintain dyspepsia ; the restriction 
being made in quantity rather than in quality or proportion. 
As regards drink, not only much good, but agreeable re- 
lief from thirst, is to be obtained from the use of Seltzer 
water, the salts contained in it probably exercising an im- 
mediate influence on the condition of the blood. Wines, 
spirits, and beer, should be avoided in the more acute forms 
of this disease, but they become necessary to maintain 
power in the advanced stages. 
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ON EXCESSIVE EXCRETION OF UREA. 

There is a condition of system characterised by the ex- 
cretion of large quantities of urea, which is sometimes 
accompanied by an excessive quantity of water, thus occa- 
sionally leading to a suspicion that the individual is the 
subject of diabetes. The specific gravity of the urine in 
this disease varies greatly, but it is generally above that of 
health ; and when such is the case, we obtain a copious and 
almost immediate crop of crystals of nitrate of urea, on 
the addition of an equal bulk of nitric acid to the urine. 
This crystallization nearly always occurs if the urine be 
above 1030 in specific gravity. When a large quantity of 
water, and, consequently, urine of a low specific gravity, 
is passed, the relative proportion of urea in the excretion is 
of course not increased, and may even be diminished ; but 
in all cases the absolute quantity excreted during the day is 
greater than in health. Nothing is satisfactorily ascertained 
concerning the causes of this tendency to increased ex- 
cretion. The symptoms of this disease do not differ par- 
ticularly from those observed in ordinary cases of dyspep- 
sia : there is, however, sometimes a frequent desire to pass 
urine. It is not uncommon to find the skin greatly in fault, 
and attention to the restoration of its function is always ne- 
cessary as a first part of our treatment. This is especially 
desirable when the quantity of urine passed is large, and the 
specific gravity not above the healthy standard of 1022. 

It is not often that we meet with this disease unless com- 
bined with an excessive discharge of water, for the reason 
that this is often the only urinary symptom to which the 
patient's attention can be directed, and the dread of diabetes 
induces him to apply for relief. 

The waste of tissue shown by the large discharge of 
urea indicates the absolute necessity in these cases of ab- 
staining from all causes calculated to induce an increase of 
that action ; and violent exercise and hard study should be 
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avoided as much as possible, while wines and beer, with a 
light diet offish and vegetables, should form the dinner of 
such patients. Opiates have been found serviceable by Dr. 
Prout in this form of disease, and they are certainly often 
of great value, notwithstanding the prevalence of severe 
dyspeptic symptoms. The power they possess of restricting 
the rapid waste of tissue greatly assists in restoring the pro- 
portion of urea excreted to its normal standard. Mercurial 
alteratives with ipecacuanha or Dover's powder, according 
to the severity and duration of the disease, are among the 
most powerful remedies ; but it is well to avoid opiates in 
early cases, which will generally be found to yield to purga- 
tives, diaphoretics, and a restricted diet. 



ON DEFICIENT EXCRETION OF UREA. 

This disease, which has been called diabetes insipidus, 
to distinguish it from that form of excessive discharge from 
the kidneys known to contain sugar, is often confounded 
with those cases which have been treated of in the fore- 
going section, more especially when a large quantity of 
water accompanies the excess of urea. There is always a 
large excretion of urine in this disease, which, on being ex- 
amined, sometimes shows a specific gravity as low as 1002. 
I have seen it 1001, but for the most part it is observed at 
from 1002 to 1008. The proportion of urea is not only re- 
latively small in this urine, but the quantity excreted is ab- 
solutely less than in health, notwithstanding the enormous 
quantity of urine poured from the kidney. From six to ten 
pints are commonly excfeted in the twenty-four hours, and 
cases are recorded in which as much as twenty pints have 
been noticed. The dyspeptic symptoms are generally 
severe in this affection, and great thirst is always present, 
with a dry skin and red tongue, while the appetite is 
irregular. The bowels are constipated, and there is pain 
h the head and drowsiness, with mental depression, and 
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sense of fatigue on the slightest exertion. The predis- 
posing and exciting causes of this disease are not well ascer- 
tained, nor has its pathology been satisfactorily investigated. 
When large quantities of urine of very low specific gravity 
are passed, and there is great roughness of skin, the case may 
be looked upon as of very serious character, and the 
greatest difficulty -will be encountered in affording relief. 
When, however, the symptoms are less severe, the fol- 
lowing plan of treatment frequently relieves the patient: 
the skin should be kept clean by warm baths, while anti- 
monials with small quantities of hydrargyrum cum creta 
are given at night. The bowels must be kept freely open, 
which is best effected by an aperient senna draught in the 
morning, which should not contain any saline purgatives in 
admixture, as they tend to aggravate thirst. Twice during 
the day a full dose of infusion of cascarilla or gentain will 
assist the treatment. I have lately attended a case of this 
disease in which hippuric acid was passed in the urine to 
the entire exclusion of lithic acid, and am inclined to 
believe, that in many of these cases characterised by a 
cloudy urine of very low specific gravity the hippuric acid 
will hereafter be found to exist. Should this prove to be 
the case, it may perhaps assist us in acquiring a clue to the 
pathology of the disease.* 

* A case has lately been read before the London Medical Society 
by Dr. Garrod, in which a very large quantity of hippuric acid was 
found to exist in the urine. Lithic acid was, however, also present 
in considerable proportion in this case. 
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ON LIME AND MAGNESIA, WHEN THEY EXIST TOGETHER IN 
COMBINATION WITH PHOSPHORIC ACID. 

There are some difficulties attending the chemical examina- 
tion of these mixed phosphates, owing to the great similarity 
of re-action which exists between them ; and we have not yet 
arrived at any well-ascertained method of performing their 
quantitative separation. The nearest approach, however, is by 
the following process : — 

The mixed phosphates are dissolved in dilute hydrochloric 
acid, and the solution is then nearly neutralised by ammonia. 
Alcohol is next added to the solution, and sulphuric acid care- 
fully dropped into the mixture. In this way we precipitate a 
sulphate of lime of considerable purity, which must be col- 
lected on a filter, and washed with dilute acid and water which 
has been digested on sulphate of lime. By this means we re- 
move any magnesian salt which may adhere. The sulphate of 
lime may now be dried and weighed ; and from its weight we 
may deduce that of the lime, and also of the magnesia ; for the 
proportional constitution as phosphate being known, we are 
able to do so from our previous knowledge of the original 
weight of the mixture on which we operated. 

Magnesia. — Lime. 

The presence of lime and magnesia, when they exist as 
phosphates, dissolved in an acid, is easily proved by first pre- 
cipitating the liquid (previously nearly neutralised by ammonia), 
with the solution of oxalate of ammonia, and allowing the pre- 
cipitate to subside. The mixture should now be briskly boiled 
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to perfect the precipitation of the oxalate of lime ; the clear 
liquor is then to be poured off; and if the oxalate ceases to 
produce a further effect,* we must add ammonia. Should we 
now observe a precipitate to occur, we may be sure that mag- 
nesia is present in the solution. When phosphate of iron ex- 
ists in admixture with these earths, as is the case in the ashes 
of blood, we can easily prove its presence by testing the so- 
lution with the ferrocyanuret of potassium, which yields a fine 
blue precipitate of prussian blue. 

The following substances have been noticed in minute quan- 
tity in the blood : viz. silica, manganese, copper, and titanic 
acid. An account of my experiments regarding the presence 
of the last-mentioned substance may be seen in the Philo- 
sophical Magazine for March, 1835. 

Marchand denies the existence of titanium in the blood ; the 
blowpipe re-actions, however, which I have obtained from the 
ashes of blood, are not such as I have ever been able to pro- 
duce with any other substance than titanium. 

Fatly Matters of the Blood. 

Besides the fatty matters which are contained in the serum 
of blood, and which were first pointed out by Dr. Babington, 
we can procure others by the action of ether on the mixture of 
fibrin, albumen, and red particles. The best process for pre- 
paring these fats is as follows : — 

Let a quantity of fibrin, albumen, and red particles, be well 
dried, and then pulverised. Alcohol is now to be boiled on the 
powder, by separate portions, until the last added possesses no 
solvent action on the mass, which may easily be known by 
evaporating a portion of the fluid to dryness ; when, if no re- 
sidue be observed, we may be sure that the action is complete. 

The alcoholic solutions are now to be added together, and 
evaporated to half, when we frequently can observe that red 
particles become precipitated : in order to render this precipita- 
tion more complete, we must add a portion of cold alcohol to 
the warm fluid, when we shall perceive that a precipitate im- 

* Should the oxalate of ammonia continue to precipitate the solution, 
we must add an excess, and again allow the precipitate to subside 
before testing for magnesia with the ammonia. The magnesian pre- 
cipitate frequently requires some time for its formation. 
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mediately collects, and the supernatant liquor becomes yellow.* 
This clear liquor may be removed by a pipette, and left to 
spontaneous evaporation: as the alcohol dissipates, we shall 
observe a precipitate of a firm white fatty matter ; this may be 
removed, and set aside ; the clear liquor must now be evapo- 
rated to dryness, when we shall procure a fat of reddish tint, 
which, from its containing phosphorus, has been called the red 
phosphorised fat. It has no very peculiar properties : when 
heated it becomes of a dark-reddish colour, and its cinder has 
an acid re-action. It contains both sulphur and phosphorus. 
It does not saponify with the alkalies. 

The solid white fat which separated from the alcoholic solu- 
tion also contains phosphorus and sulphur; it has been named 
the white phosphorised fat : its re-actions are very similar to 
those of the red fatty matter. The alkalies possess no solvent 
action on this substance. 

Cholesterine has been rejected from the list of constituents of 
healthy blood, in the admirable work of P. S. Denis ; but there 
are many re-actions procurable from the crystalline fatty matter, 
which much resemble those of cholesterine; and if it be not 
that substance, I cannot but think that at least it is an incipient 
form of the biliary fat which exists in the blood. 

* This precipitate contains the fatty matter called serolin. 
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ON THE VARIABLE PROPORTIONS OF THE CONSTITUENTS OF THE 
HUMAN BLOOD. 

The extensive researches of M. Lecanu have led him to 
the following results, which I here append in a table, 
together with a translation of his observations on the 
subject: — 



" The proportion of water va- 
ries in the blood of individuals of 
different sex and age. 



In the blood of individuals of 
the same sex, but of different 
ages. 



in man than in woman. 



The quantity of water is not 
proportional to the age, at least 
from 20 to 60 years old. among 
individuals of the same sex. 



From 853-135, maximum quantity of water con- 
tained in 100J parts of blood, to 778-625, the 
minimum, 

Difference 74-510 

Mean - 815-880 



From 853-135, maximum quantity of water con- 
tained in 1000 parts of female blood, to 790-391, the 
minimum, 

Difference 62 741 

Mean - 821-7645 



And from 805-203, maximum quantity of water 
contained in male blood, to 778025, minimum, 
Difference 26-633 
Mean - 791944 



The proportion of water is less Mean proportion of water in wo- 

m i n th.iii in u'jini-iii t m n n '^ hlmi.l _ 



man's blood 
] Mean proportion in man 
Difference of excess in woman's 
blood .... 



821-7645 
791-9440 



29-8205 



1000 parts of blood, from 
females, have yielded 
of water : — 

at 22 years 853-135 



■:.-> 
:s4 

36 

:is 
53 
.VI 

58 
58 
60 



796-175 

801-918 
799-230 
827- 130 
790-340 
799-432 
790-394 
792-<>97 
792-561 



1000 parts of blood, from 

males, have yielded 

of water : — 

at 26 years 

26 
from 30 to \ 
32 years \ 
at 32 years 
34 
36 
from 38 to ) 
40 years \ 
from 45 to j 
48 years \ 
from 48 to i 
50 years \ 
from 62 to i 
64 years ) 



7>io-ooo 

778625 

788-323 

785-881 
795-870 

782-271 

783-890 
780-211 
805-263 
801 871 
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In individuals of the same sex, 
there is less water in the blood of 
[hose possessing a sanguine tem- 
perament than in that of those of 
a lymphatic temperament. 



The proportion of albumen va- 
ries in the blood of individuals of 
different sex and age. 



In the blood of individuals of 
the same sex, but of different 
ages. 



In 1000 parts of blood from females :— 
Sanguine tempera- 
ment 



Water 706175 
792-561 
792.-897 
790-394 



Lymphatic tempera- 
ment. 
Water 790840 
827 130 

801918 
799.432 
799-230 



Mean of sanguine temperament - 793007 

Mean of lymphatic temperament - 803 710 
Difference of excess for lymphatic 

temperament - - . 10-703 



1000 parts of blood from males yielded :— 



Sanguine tempera- 
ment. 
Water 780-210 
783 690 
801 871 
778-625 
788 323 



Lymphatic tempera- 
ment. 
Water 805-263 
795-870 



Mean of sanguine temperament - 786 5^4 

Mean of lymphatic temperament . fcOO-5665 
Difference of excess for lymphatic 

temperament - - - 139825 

From 78-270, maximum quantity of albumen in 
1000 parts of blood, to 57-890, the minimum, 
Difference 20-380 
Mean - 08080 



From 74-740. maximum quantity of albumen 
contained in HKOp^ris of blood from vvouien, to 
59159. the minimum. 

Difference 15581 

Mean - 06 9495 



The quantity of albumen bears From 78 270. maximum quantity of albumen 
no proportion to the age, at least contained in 1000 parts of blood from men, to 
within the limits of from 20 to 60 57-890, the minimum, 



years, in individuals of the same 
sex. 



Difference 20-380 
Mean - 68080 



1000 parts of blood, from 
females, have yielded, 
of albumen. 

at 22 years, 68-756 



73-065 
59-159 

69-125 
69-100 
71-180 

74-740 
70-210 
72-796 
69062 



10(10 parts of blood, from 



males, have 
of albumen, 
at 26 years, 

26 
from 30 to ) 
32 years ) 
at 3-2 years, 
34 
36 
from 38 to? 
40 years > 
from 45 to? 
48 years 5 
from 48 to ? 
iurs 5 



50 yen 
■«m 62 
64 year 



from 62 to ? 
ears 5 



yielded, 

71-560 
62-949 

71061 

64-790 

78-270 
66090 

57-890 
71-97 
65133 
65-389 
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It is almost the same in propor- 
tion fur individuals of samiuine 
and lymphatic temperaments, of 
the same sex. 



The proportion of globules va- 
ries in the blood of individuals of 
different ages and sex. 



Also in (he blood of individuals 
of the same sex, but of different 
ages. 



The proportion of globules is 
greater in men's blood than in 
that of women. 



In 1000 parts of blood from females:— 

Lymphatic, tempera- 
ment. 
Albumen 



Sanguine tempera- 
ment. 
Albumen 73-065 
69'082 
70210 
72-796 



Mean of sanguine temperament 
Mean of lymphatic temperament 



71180 
69-100 
59-159 
74-740 
69125 
71-264 
08-6'JO 



In 1000 parts of blood from males :— 



Sanguine tempera- 
ment. 
Albumen 71-970 
57-690 
65 389 
62949 
71061 



Mean of sanguine temperament 
Mean of lymphatic temperament 
Difference 



Lymphatic tempera- 

men t. 

Albumen 65133 

78 270 



65-85 
71.7015 

5-8515 



From 148-450, maximum quantity of globules 
contained in 1000 parts of blood, to 68349, the 
minimum, 

Difference 80-101 

Mean - 108-3995 

From 148-450, maximum quantity of globules 
contained in 1000 parts of blood from males, to 
115-850, the minimum, 

Difference 32 60 
Mean - 132150 

From 129-999, maximum quantity of globules 
contained in 1000 parts of blood from females, to 
68349, the minimum, 

Difference 61-641 

Mean - 99 1695 



Mean of female blood - - • 991695 

Mean of male blood - - • 1321500 

Difference of excess in male blood - 329605 



The quantity of globules does 1000 parts of blood from 
not appear to be proportional to j females have yielded, 
the aqe in individuals of the same 
sex within the limits of from 20 
to 60 years. 



of globules, 
at 2-2 years, 68-349 
25 121 720 



34 


129-610 


36 


119-0(10 


38 


90-670 


53 


129-990 


51 


115-319 


5S 


137-730 


58 


125-590 


60 


129-654 



1000 parts of blood from 

males have yielded, of 

grobules, 
at 26 years, 

36 ' 
from 30 to ) 

32 years j 
at 32 years, 
34 
36 
from 38 to ) 

40 years \ 
from 45 to I 

48 years ( 
from 48 to ( 

50 years \ 
from 62 to i 

64 years j 



188-670 

146-885 

131-6^8 

139-189 

115-850 
141-290 

148-450 
133-820 
117-484 
121C40 
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In individuals of the same sex, 
the proportion of globules is 
greater in those of a sanguine 
thin in those of a lymphatic 
temperament. 



1000 parts of blood, from females, yielded : 



Sanguine tempera- 


Lymphatic 


tempera- 


ment. 


ment. 


Globules 121-730 


Globules 


129-990 


129-654 




92670 


127-730 




12SI-610 


125-590 




115-319 

119000 


Mean of sanguine temperament 


126-174 


Mean of lymphatic temperament 


117300 


Difference of excess in sanguine j 


8-874 


temperament - - 1 


1000 parts of blood, from males yie 


Ided .— 


Sanguine tempera- 


Lymphatic 


tempera 


ment. 


ment. 


Globules 133 820 


Globules 117-484 


148 450 




115-850 


121-640 






146885 






131-688 






Mean of sancuine temperament 


136-497 


Mean of lymphatic temperament 


116-667 


Difference of excess in sanguine \ 


19 830 


temperament 


) 





On these results, the following remarks are made by Mon- 
sieur Lecanu: — 

1. " The proportion of serum varies in the blood of indi- 
viduals of different sex and age ; also in the blood of individuals 
of the same sex, but differing in age." It is greater in the 
blood of women than in that of men. It is also greater in the 
blood of lymphatic individuals than in that of those possessing 
a sanguine temperament, the sex being the same. No relation 
is to be observed between the quantity of serum and the age of 
individuals of the same sex, at least within the limits of from 
twenty to sixty years old. 

2. The proportion of albumen, fibrin, and colouring matter — 
in other words, the nutritive substances — varies in the blood of 
individuals of different sex and age. In the blood of individuals 
of the same sex, but of different age, it is less in the blood of 
women than in that of men; and also less in the blood of lym- 
phatic persons than it is in the blood of those possessing a 
sanguine temperament, the sex being the same. No relation is 
to be observed between the quantities of nutritive matters and 
the ages of individuals of the same sex, at least within the 
limits of from twenty to sixty years. 

As regards the serum (essentially formed of water and al- 
bumen^ the proportion of water, and, consequently, that of the 
albumen, varies in individuals of different sex and age. In 
individuals of the same sex and of different ages^it appears 
to be nearly the same in men as in women, and in individuals 
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of sanguine and lymphatic temperament. In relation to the 
analysis of the blood of females, it must be observed that the 
menstrual losses to which they are subject contribute especially 
to vary the proportion of globules ; thus the analysis of the 
blood of a female affected with the uterine discharges afforded 
in a first experiment. — 



Water - 


- 851-590 


Albumen - 


66-870 


Soluble salts and extractives 


11-290 


Globules ... 


70-250 


Total 


- 1000-000 


And in a second experiment — 




Water 


- 832-754 


Albumen ... 


60-891 


Soluble salts and extractives 


13-210 


Globules - 


93-145 


Total 


- 1000-000 



That is to say, in these two cases, and especially in the first, 
the quantity of globules was only about half that observed in 
the other analyses of woman's Wood. 

It is easily foreseen that a similar effect to the above maybe 
produced by repeated bleedings. Thus, the woman who was 
the subject of the sixteenth experiment, having been blooded 
for the third time, I found that the blood, instead of containing 
as before — 



Water 




- 


- 792-897 


Albumen 




- 


70-210 


Soluble salts 


and 


extractives 


9-163 


Globules 






- 127-730 


Total 


- 1000-000 


Contained only — 








Water 




- 


- 834-050 


Albumen 




- 


71-111 


Soluble salts 


and 


extractives 


7-329 


Globules - 






87-510 


Total 


- 1000-000 
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The proportion of albumen in the serum shows much less 
sensible variation in cases of successive bleedings or uterine 
discharges; which is easily conceived, since the liquid, ab- 
sorbed at the expense of the whole system, and proportionably 
to the blood drawn or discharged, is water charged with albu- 
men." 

I shall now append a statement of the inferences which have 
been drawn by various other experimenters, as the result of 
their researches into the constitution of the blood under different 
conditions both in health and disease. 

Arterial and Venous Blood. 

Simon states that arterial blood contains more water than 
venous blood, and that the blood corpuscles of arterial blood 
contain less colouring matter than those of venous blood. 

Denis did not detect more water in arterial than in venous 
blood, but found them alike in this respect. 

Hering examined the arterial and venous bloods of several 
animals, viz. the bullock, the sheep, and the horse, and agrees 
with Simon in making arterial blood to contain more water 
than venous. 

Hering states the corpuscles in venous blood to exceed in 
number those of the arterial. 

Lecanu differs from all the foregoing chemists in finding a 
smaller proportion of water to exist in arterial than in venous 
blood — he also found a larger proportion of fibrin in the arterial 
blood. 

Simon, Denis, and Hering could discover no law as to the 
proportion of fibrin; sometimes it was in larger proportion in 
the arterial, sometimes in the venous blood. 

The evidence of other chemists is very conflicting as to the 
relative proportions of water and fibrin. There appears to 
have been some modifying cause in action to produce these 
discrepancies, and which has been entirely overlooked ; proba- 
bly the time allowed to elapse after taking fuod before the 
blood was drawn may have caused these differences in result. 

Blood of the Vena Porlse. 

Schultz has experimented on this blood as obtained from the 
horse. He states it to be of a much darker colour than ordinary 

10 
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venous blood ; but that it becomes brighter after a full meal. 
The neutral salts and atmospheric air do not brighten the colour 
of portal blood. Simon analysed the arterial and portal blood 
of a horse, and concludes from his experiments that portal 
blood contains less fibrin, more fat, more extractives and salts, 
and more colouring matter in proportion to globulin than arterial 
blood. 

Blood from the hepatic Vtia. 

This blood has been examined by Simon, who concludes from 
his analyses that it is richer in solid constituents than either 
ordinary venous or arterial blood, even more so than that taken 
from the vena porta?. It contains less fibrin, fat, globulin, and 
colouring matter than the blood of the vena portae. 

Blood from the renal Vtins. 

This blood has been shown by Simon to contain more solid 
constituent and albumen than that of the aorta, but it contains 
less fibrin and fewer corpuscles. 



Blood from the Capillaries. 

Pallas analysed blood taken by leeches and cupping, and by 
comparing his results with the analyses of venous blood, came 
to the conclusion that capillary blood is richer in solid and 
coagulable constituents than either venous or arterial blood. 
Denis contradicts this, having found that blood taken from the 
arm and compared chemically with that taken from the side of 
the chest of the same person by cupping, yielded results almost 
identical in the proportions of water, corpuscles, and solids of 
serum. 



Blood of the Ettas compared with that of the Mother. 

Denis found the blood of the foetus to contain more solid 
matter and corpuscles than that of the mother. The foetal 
blood contains more iron than that of the mother, the ratio 
being 2-5 to 1. His analysis was made on blood taken from 
the umbilical artery, and is compared with the analysis of the 
venous blood cf the mother. 
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Influence of Blood-letting. 
Becquerel and Rodier have made a great number of analyses 
of the blood of persons who have undergone repeated venesec- 
tion. From the tables they have constructed it appears that 
loss of blood is followed by a decrease in the specific gravity of 
the circulating fluid. The albumen diminishes very slowly. 
The fibrin is not much influenced, the extractives and salts are 
unaltered, the fat is diminished, the corpuscles are greatly 
decreased in number. 

Blood in Inflammation. 

Andral and Gavarret have established, by analysis, the fact, 
that the proportion of fibrin is greatly increased in inflamed 
blood. Becquerel and Rodier have also shown this to be the 
case, and, moreover, have established, that the proportion of 
albumen in such blood is less than in the healthy state. 

Blood in Phthisis. 

Andral and Gavarret stale that as this disease advances the 
proportion of fibrin increases, and that of the corpuscles de- 
creases. In extreme cases, however, the whole blood becomes 
impoverished. 

Blood in Puerperal Fever. 

According to an analysis of this kind of blood made by 
Heller, the fibrin was increased beyond the normal standard, 
and the corpuscles greatly decreased in number. 

Blood in Typhus fever. 

The general results of Andral and Gavarret show that in 
this disease the proportion of fibrin in the blood decreases, 
while that of the corpuscles increases. 

Becquerel and Rodier analysed the blood of eleven men af- 
fected with typhoid fever, and obtained the following as the 
mean composition of their blood: — 

Water .... 

Fibrin - 

Albumen - 
Fat - 

Corpuscles - 

Extractives and Salts 

1000-0 



797 


2-8 


64-8 


1-7 


127-4 


6-3 
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Here we observe the fibrin and corpuscles in about normal 
proportion, while the albumen is only very slightly decreased. 

Scherer found the salts of blood in typhoid fever to amount 
to 11 # 92 per 1000, which is an increase on the proportion of 
salts in health. The alkaline salts alone amounted to 10 per 
1000, while in health they never amount to 9 per 1000. 

Blood in simple continued Fever. 

Andral and Gavarret have shown that in this disease we 
generally have a slight increase in the proportion of the fibrin 
of the blood, and a decrease in that of the corpuscles. When 
inflammatory complications occur in the course of this disease, 
however, we find the fibrin increasing very greatly indeed, 
while the corpuscles decrease to the proportion observed in in- 
flammatory affections generally. 

In three analysis made by Becquerel and Rodier, the albu- 
men and fibrin of the blood from a case of continued fever were 
in healthy proportion, while the corpuscles were slightly above 
the average weight in health. 

Blood in intermittent F<.ver. 

Andral and Gavarret have examined the blood in ague, and 
found an excess of fibrin and decrease of the proportion of the 
corpuscles. No difference was observed in the blood whether 
drawn during the hot or cold stages, or during the remissions. 

Blood in Scarlatina. 

Andral and Gavarret give the three following- analysis of the 
blood in this disease: — 



Water. 


Fibrin. 


Corpuscles. 


Solids of Serum. 


761-5 


31 


146-0 


89-4 


770.3 


3-5 


136-1 


84-1 


798-3 


6.8 


112-2 


82-7 



Bl >cd in Apoplexy. 

Andral and Gavarret state that in the greater number of cases 
of cerebral apoplexy, the proportion of fibrin in the patient's 
blood is deficient, and the corpuscles in excess. 

The following is the mean of twenty-one analyses made by 
Andral and Gavarret of blood taken from patients suffering 
cerebral congestion, threatening apoplexy. It is compared 
with healthv blood. 
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Water. 


Fibrin. 


Corpuscles. 


Solids of Serum, 


Mean - 787-1 


2-6 


120 


89-7 


Healthy blood 790 


30 


127 


80 



Blood in Chlorosis. 

An analysis of this kind of blood by Dr. Vetter showed the 
proportion of corpuscles to be greatly diminished, the water in 
excess, and fibrin in about normal quantity. 

Andral and Gavarret have analysed the blood of chlorotic pa- 
tients, both at the commencement of the disease, and when it 
has advanced. 

The mean of eight analyses of the first kind of blood, and 
nine of the second, is compared below with the blood in health. 







Water. 


Fibrin. 


Corpuscles. 


Solids of Serum, 


Health 


- 


790 


3 


127 


80 


Insipient 


chlorosis 


801 


3-5 


106.8 


88 


Advanced chlorosis 


853-2 


2-9 


56-7 


88 



Organic Acids of Urine. 

Besides the acids which have been treated of as existing in 
this excretion, we have to notice the following; viz. 

Acetic. 

Butyric. 

Benzoic — hippuric or uro-benzoic. 
These acids have not been much examined, and there is some 
contrariety of opinion regarding them. Thus, though Prout 
and Thenard admit the existence of acetic acid in urine, we find 
that Berzelius expresses a directly opposite opinion, and be- 
lieves that the odour of the butyric acid mingled with that of hy- 
drochloric acid has led to the error ; for, on the addition of sul- 
phuric acid to a dry mass containing a chloride and a buty- 
rate, we have an odour evolved which simulates that of acetic 
acid. It is the opinion of Berzelius, that neither acetic acid 
nor acetates are to be detected in the urine ; and Liebig has 
lately shown that acetic acid exists in urine only as a result of 
decomposition. 

The butyric acid has been observed but in one specimen of 
urine, and it is a matter of doubt whether it be not rather an 
accidental than a necessary constituent of the fluid. 

The benzoic acid was supposed to have been discovered in 
the urine of the cow by Rouelle. Liebig made some minute 
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investigations into the nature of this acidas found in the urine, 
and has proved it to be a distinct acid from the benzoic — as its 
salts are less soluble in water, and it contains nitrogen, which 
the benzoic does not, being an oxide of a hydro-carbonous 
body, to which the name of benzule has been applied. 

Liebig named this acid the hippuric, as he considered it pe- 
culiar to the urine of the horse; but this is not the case, as he 
has lately detected it in the urine of man. Berzelius calls it 
the uro-benzoic acid, which is certainly a more appropriate 
term. The salts formed by this acid have been examined and 
described by Berzelius. 

When urine becomes stale it no longer contains hippuric 
acid, but benzoic acid becomes developed. 

Quantitative Estimation of Fixed Alkaline Chlorides, Phos- 
phates, and Sulpheilei in the Urine. 

The residue of the incinerated urine contains these salts' 
which may be separated as follows : — 

They are to be dissolved in distilled water, and the solution 
filtered. Half the filtered liquor is then rendered acidulous by 
the addition of a few drops of nitric acid. An excess of a so- 
lution of nitrate of barytes is now added. The precipitate is 
collected on a filter and dried perfectly; from the weight of this 
sulphate of barytes, we can deduce that of the sulphuric acid. 
The filtered liquor, which is acidulous, must now be saturated 
with ammonia, which lets fall a precipitate of phosphate of 
barytes; this is to be collected and dried on a filter; from its 
weight we can deduce that of the phosphoric acid.* 

It is to be remembered that we have here operated on half 
the liquor, and that, consequently, we must double our resulting 
quantity of sulphuric and phosphoric acids. 

The remaining portion of the filtered liquor is used to de- 
termine the quantity of hydrochloric acid present in the salts, 
as follows : — 

A solution of nitrate of silver is added to the liquid, previ- 
ously acidulated with nitric acid. A chloride of silver now 
precipitates, which is to be collected on a filter, and then dried 
in a platinum crucible over the spirit lamp ; from its weight we 
deduce that of the hydrochloric acid. 

* Care should be taken not to add too much nitric acid at the com- 
mencement of this process; for by this means we produce so much 
nitrate of ammonia, when we saturate, that the precipitated phos- 
phate is liable to be dissolved. 
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Having ascertained the weight of the acids, we have but to 
add the correct proportions of alkali for neutral combination, in 
order to discover the quantity of each alkaline salt. 

The sulphuric acid may here be divided between potash and 
soda. 

The phosphoric and hydrochloric acids are in combination 
with soda only. 

If we wish to ascertain the exact proportion of soda which 
exists in combination with the sulphuric acid, we must have 
recourse to precipitation by the chloride of platinum, on a 
known quantity of the saline solution, estimating the propor- 
tion of the alkali from the known constitution of the potash 
chloride of platinum. 

Albuminous Urine. 

This form of diseased urine is generally coagulable by heat, 
and is for the most part acid. We, however, occasionally meet 
with specimens which are alkaline, and incapable of becoming 
coagulated by a boilinir temperature. It was supposed that this 
depended upon the presence of some fixed alkali, which held 
the albumen in solution ; and in order more thoroughly to ex- 
amine the matter, I made analyses of two specimens of urine 
taken at different times from the same individual : the one was 
neutral and coagulable by heat ; the other not coagulable by 
heat, and possessing an "alkaline re-action. Both these speci- 
mens became coagulated on the addition of nitric acid. 

1st specimen.— Neutral, coagulable by heat, as also on the 
addition of nitric acid. 

Water '"""■" 

Albumen - 

Alkaline salts 

Urea, ammoniacal salts, and extractives 

Earthy phosphates, loss 

200-0 

2d specimen.— Alkaline, not coagulable by heat, but becoming 
coagulated on the addition of nitric acid— 



195-0 


1-1 


1-4 


2-2 


0-3 
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Water .... 195-8 

Albumen - - - - 1*7 

Alkaline salts ... 0-5 

Urea, ammoniacal salts, and extractives 1-8 

Earthy phosphates and loss - - 0*2 

200.0 

It will be observed that the alkaline specimen contained the 
greatest proportion of albumen, and a much smaller proportion 
of alkaline salts, than the neutral urine. This would go strongly 
against the probability of any fixed alkali being the solvent of 
the albumen ; for in this case we should expect a redundant 
quantity of fixed saline matter in proportion to the albumen 
present, whereas exactly the opposite was the case, in this speci- 
men at least. 

There has been said to exist in the urine an animal substance, 
to which the name of incipient albumen has been given. I do 
not believe in the existence of such a substance, and am of 
opinion that the fact of the precipitation of the earthy phos- 
phates by heat led to the erroneous belief in the presence of 
such a body. 

Tests of the Presence of Albumen in the Urine. 

It is customary with practitioners to test for albumen in the 
urine by the application of heat, and the addition of nitric acid. 
I will now notice the sources of fallacy connected with the use 
of each test. The test of heat fails to show the presence of 
albumen when the urine is alkaline, and this is also the case in 
some neutral specimens, no opalescence being produced even at 
a boiling temperature. It is necessary, therefore, before using 
this test, to examine the state of the urine, as to acidity or al- 
kalinity. 

Specimens of urine, when possessing either an acid or al- 
kaline re-action, will occasionally, when no albumen is pre- 
sent, become opaque when boiled, the flocculi produced simu- 
lating the appearance of albumen. This opacity is caused by 
the precipitation of the earthy phosphates which may be dis- 
tinguished from albumen by becoming immediately dissolved 
on the addition of a drop of dilute nitric acid. These phos- 
phatic specimens are not precipitated by nitric acid, and there- 
fore this source of fallacy is removed by testing with that re- 
agent. Nitric acid, however, is not in itself a satisfactory test 
for albumen, being productive of a source of fallacy in throw- 
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ing down lithic acid in large quantity from some kinds of urine. 
These instances are rare, however, and maybe distinguished by 
the addition of hydrochloric acid, which throws down the lithic 
acid quite as completely as the nitric acid does, while such is 
not the case with albumen. From what I have related above, 
it will be perceived that it is quite possible to meet with a speci- 
men of urine coagulable both by nitric acid and by heat, atid 
which shall notwithstanding be free from albumen, for heat 
may throw down the phosphates, while nitric acid may cause 
a deposit of lithic acid. I once met with such a case. There 
is another source of error connected with testing urine for albu- 
men by nitric acid, of which it is necessary that the practitioner 
should be aware, and I therefore here appencfa notice extracted 
from the Guy's Hospital Reports, in which I entered at full 
upon several questions connected with the chemical pathology 
of albuminous urine. 



In a recent number of the Medical Gazette, I noticed a pecu- 
liarity in the urine passed by patients taking copaiba ; such 
urine becoming coagulated on the addition of nitric acid, not- 
withstanding that no albumen was present. Since the publica- 
tion of my observations on those specimens, I have had several 
opportunities of examining the urine voided by patients to 
whom cubebs had been administered; and have found a curious 
similarity between the re-actions afforded by such specimens, 
and by those which were impregnated with copaiba. 

The latter urine, which I have examined several times, al- 
ways yielded a precipitate, on the addition of nitric acid : in 
some cases, this was very slight; but in the majority, very 
dense and white, and greatly resembling albumen. The action 
of the acid on urine impregnated with cubebs is precisely simi-, 
larin character, excepting that the colour of the precipitate 
occasionally verges on a pale pink. Previous to my publishing 
the re-actions of copaiba, there was but one substance (albumen 
excepted) supposed to be precipitable from the urine by nitric 
acid: this was lithic acid, which, however, could not be re- 
garded as a frequent source of fallacy ; as, when thus precipi- 
tated, it seldom comes down till the tested liquid has been al- 
lowed to stand some time, and then appears in a semi-crystal- 
line form, and of a brownish-red colour. The precipitate af- 
forded by cubebs and copaiba is, however, of that cloudy opaque 
character which simulates albumen, and moreover occurs im- 
mediately on adding the test. 
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It became an object now, to discover some simple method of 
discriminating between this precipitate and that obtained by 
nitric acid from albuminous urine. Fortunately, a very easy 
means of doing so is afforded us, by allowing the urine to 
which the acid has been added to remain at rest for an hour or 
two ; when, should the precipitate consist of albumen, it will 
be found to have collected at the bottom of the tube, or to be 
arranged in flocculi through the liquor, the greater part of which 
will appear clear. If, however, the precipitate be caused by 
the presence of a vegetable matter derived from copaiba or 
cubebs, the precipitate does not subside for several days ; not, 
indeed, till decomposition has occurred. Another and more 
speedy method of discriminating between these two impregna- 
tions and albumen is by the use of the ferro-cyanuret of potas- 
sium as a precipitant, the urine being previously acidulated by 
acetic acid. If albumen now be present, it is immediately 
thrown down ; but in the other cases, even if the acetic acid 
cause a slight turbidity, it is not increased by the addition of 
the ferro-cyanuret. It is interesting to observe how supposed 
exceptions to the law declared by Dr. Bright become explained 
away by advances in the chemical pathology of the urine; 
copaiba, for instance, has been stated to cause albuminous 
urine ; and probably cubebs may also have been looked upon 
as capable of affording the symptom which Dr. Bright has re- 
garded as characteristic of a peculiar morbid tendency in the 
kidney. 

It is greatly to be regretted, that the tests both of heat and 
nitric acid are not applied to the examination of urine: both 
are certainly not generally used. Perhaps, where one test only 
is employed, that of heat is the most common, and the sources 
of fallacy above alluded to are therefore less likely to occur; 
but still there are many who use nitric acid exclusively, and 
such are not very unlikely to meet occasionally with the decep- 
tive re-actions I have mentioned. On the whole, it would be 
far better, if one test only were applied, that it should be the 
nitric acid; for the phosphatic precipitates which so often occur 
on the application of heat to urine, and the suspension of albu- 
men, even after long boiling in some alkaline specimens, tend 
to render this an exceedingly imperfect test. Now, nitric acid 
throws down but one precipitate, resembling albumen; and that 
not being a constituent of the urine, but a matter derived from 
ingesta, we are the less likely to encounter such source of error: 
and even when it occurs, a little patience, in watching the after- 
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behaviour of the precipitate, might occasionally betray the real 
cause of the re-action obtained. 

Until very recently, it has been supposed, that if nitric acid 
and heat both caused a precipitate in urine, albumen must be 
present: this, though true in the general, is not strictly correct: 
and it is right to recollect, that we may have earthy phosphates 
precipitated by heat, while vegetable matters derived from in- 
gesta may be thrown down by nitric acid. Such kind of urine 
lately occurred to me, while collecting specimens impregnated 
by cubebs. There is no doubt that until very lately such a case 
would have been confidently quoted as one in which albumen 
existed in the urine. 

I must mention, that the conditions I have noticed are not 
always to be expected, either in the case of copaiba or cubebs ; 
appearing most strongly when the urine smells powerfully of 
the drug, and being scarcely perceptible when the characteristic 
balsamic odour is wanting. I have reason to believe, that when 
either cubebs or copaiba are administered with an alkali, that 
the urine becomes more rapidly and completely impregnated; 
but it is difficult to conceive what cause can be in operation to 
produce an occasional difference in this respect, the urine sud- 
denly becoming (even when large doses of the medicine are 
beino- exhibited) comparatively free from impregnation. The 
frequent occurrence of the earthy phosphatic precipitate afforded 
by the action of heat on urine, and, consequently, the fallacious 
nature of the test by heat, may be better appreciated, if I now 
lay before the reader a statement drawn up from some valuable 
Tables which were formed by Dr. Barlow and Mr. Tweedie, 
at the suggestion of Dr. Bright. I find, by examining these 
Tables — in forming which, the tests both of heat and nitric acid 
were used to ascertain the presence of albumen— that in 482 
cases, taken promiscuously from the hospital wards, 34, or 
about 7 per cent., were found which coagulated or became 
opalescent by heat, while they were not affected by nitric acid : 
these, therefore, were cases in which the phosphates were pre- 
cipitated; and had heat alone been used as a test for albumen, 
we now observe how many errors must have been committed, 
and how many cases might have been cited as exceptions to 
Dr. Bright's law. Though well aware of the frequent occur- 
rence of this source of fallacy, still I must say, I was scarcely 
prepared to find it in so large a proportion of cases as 7 per 
cent. In Tables constructed by Dr. Barlow, in which he 
examined the urine of 300 individuals, we find that 1 in 11 had 
albuminous urine: other Tables make 1 in 6 as the proportion; 
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the former being about 9, and the latter nearly 17 per cent. 
This shows how impossible it is to arrive at a satisfactory ap- 
proximation to the truth by the use of the test by boiling alone: 
for among 100 persons, 16 might be declared to have albu- 
minous urine ; and of these, only 9 might present the degene- 
ration of kidney on post-mortem examination, the 7 cases op- 
posing the general truth which the observer was seeking to 
confirm. 

As it may be interesting to know the particulars of the cases 
showing the deposit of phosphates on the application of heat, 
I will give the names of the wards, and the number of cases 
found in each, with such particulars as the Tables afforded. 

These observations were not all made at the same time ; a 
considerable period having elapsed between the first and second 
examinations of the patients in those wards, the names of which 
occur twice in the following' Table. 
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Name of Ward. 



rases yielding 
a Precipitate 

of earthy 
Phosphate on 
Application of 
Heat. 



Number of 
Patients hi 
the Ward. 



OBSERVATIONS 
on Cases yielding the Precipitate. 



Job • 

Martha 

Name of Ward omit- 
ted in the Table 
Lazarus 



Charity 



Luke - 

Cornelius 

Dorcas 

Petersham 

Esther - 

Lazarus 
Job • 
Miriam 
Mary - 

Mary and Dorcas 



Martha 



Naaman 



Charity 



Cornelius 



Dorcas 

Two Tables without 

the names of Wards 

affixed 



\ « I 






22 





16 





8 





20 



In the two 

Wards, 

46 



1. Patient hemiplegic and cache- 
tic from intemperance. 9. Fe- 
ver. 3. Anasarca : hydrotho- 
rax worn by intemperance. 



Long an invalid, with chronic 
rheumatism and catarrh. 

1. Boy with calculus, ;>.% years old. 
2. Worn and feeble: malignant 
disease. 3. Strumous, with hip- 
joint diseased. 4. Abscess in 
the mouth: somewhat emaci- 
ated. 5. Much depressed: para- 
lysis. 6. Constipation : pletho- 
ric person. 



Axillary abscess. 

1. Renal tumour: has suffered 
much pain. 2. Knee-joint dis- 
ease : strumous. 

I. fractured tibia and fibula- 2. 
Burn: child 5 years old. 



secondary symptoms: takes bi- 
chloride of mercury and sarsa- 
parilla. 

I. Tumour of thigh: operation. 
2. No account. 3. Phthisis : 
hip-disease. 

I. Amputation: takes ammonia. 

2. Effusion: not mentioned in- 
to what <avity. 

I. Boy 2| years old : panlysis. 2. 
Long illness: takes calomel and 
opium; disease not mentioned. 

3. Morbus cordis: has had 
rheumatism. 4. Pleuiitis. 

1. Taking tonics and alteratives. 
2 Old disease : asthma. 3. No 
history. 

I. Abscess of leg. 2. Bad leg : is 
takinii stimulants. 

I. Scrofula, 2. Morbus cordis. 3. 
Paralysis and diseased verte- 
bra:. 4. Aii.euoirhuja. 
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The examination of this Table becomes particularly instruc- 
tive, as a warning to observers not to be too apt to draw con- 
clusions from a few instances; — an error which is committed 
day after day in our profession, and which cannot be too often 
noticed and condemned. In this Table we have instances from 
Charity Ward of 6 patients out of 30; while, if we look to 
Luke's Ward, there is not a single case among 29. Again, in 
Martha Ward we do not find a case in 30 ; while in Esther 
Ward there occur 2 in 13. I need hardly say how completely 
30 cases would have satisfied the minds of most inquirers as to 
the great rarity of these phosphatic cases ; how, indeed, the 
question would be looked upon as well nigh settled ; and a 
strong defence for the conclusion have been afforded, by the 
undeniable fact, that more than half the doctrines of medicine 
were based on a less substantial foundation. Here are 30 con- 
secutive cases affording no instance. Now, let us suppose the 
inquiry to cease. What would be the impression on the mind 
of the observer not cognisant of the fact, that the next thirty 
might yield him 6 instances? To one entirely unacquainted 
with the variable nature of the functions of the body, 30 con- 
secutive cases would be strong evidence. They might be 
strong evidence to the mathematical philosopher, who, if not a 
physiologist, would not duly appreciate the variations which so 
puzzle those who inquire into the more intimate parts of medi- 
cine. It may well be asked, If these varying causes are so 
numerous, how can we ever hope to arrive at a due apprecia- 
tion of the value of our collected instances ? The table above 
quoted is an answer to this question. It is only by such col- 
lected groups of facts, such as those of 30 here mentioned, that 
we can arrive at an estimation of the power of such varying 
causes, and, consequently, of the multiplicity of instances which 
may or may not be required, for satisfying the mind on any 
particular point; by making us feel a conviction, that the cases 
are sufficiently numerous to overpower the sources of fallacy. 
In the present inquiry, it was a difficult thing to conceive, that, 
after 30 cases were consecutively examined, and no result ob- 
tained, that the next 30 should yield us 6 instances : but having 
now ascertained this second result, we can bear in mind, that 
such groups may again occur (or something approaching to 
them) in future examinations connected with the pathology of 
the urine: and, by observing the limits of variation in a large 
collection of similar groups, we may hope eventually to arrive 
at something approaching to a correct estimation of the value of 
any number of instances which may be offered us as evidence, 
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by future observers. From the observations on the cases con- 
tained in the Table, I think it may be concluded that the phos- 
phates are apt to be precipitated from urine, on the application 
of heat, in patients of a cachectic habit, and in those worn by 
disease and suffering. The specific gravity of such urine is 
often as low as 1010 and 1012 : though this is not always the 
case, as we sometimes find it natural, viz. from 1017 to 1022. 
It has frequently been stated, that mercury, when administered 
in quantity, renders the urine albuminous. I was very anxious 
to put this to the test; and accordingly formed the plan of a 
Table which my friend Dr. D. Francis (who has attended 
much to the examination of diseased urine, and for whose ac- 
curacy and judgment I can vouch) kindly undertook to fill up 
with observations on those patients admitted into the hospital, 
who would probably be subjected to salivation. The urine of 
these patients was tested when salivation was complete, and, in 
some cases, before the administration of the remedy; the latter 
being necessary, to exclude cases of true Morbus Brightii, 
which would interfere with the inquiry. 

I have great pleasure in being able here to quote the follow- 
ing results of Dr. Francis's labours : — 



160 



APPENDIX. 







i 


a 












>. 


6 


i 




-3 
B 






>0 

B 




o~ 


> 




*|-= 






a. 














■d 


_3 










B 










J | Ml 






•c 


B 












S 


r. 







d 






£■ 




Is 


3j 


'- 






e 


S3 












D. 


73 


B 




£ 






z 






E 


c « 






i 
































En 


t 




m ~ CS 


B 
















TT 






















= <D > 


O 




= 












•■ 


- 


~ 




a 






c 


- 


_ c 


z 


x 






















0) 


5 
■a 






c 






= 




c > 






ft** g 


> 




c 

S 


X 














-3 




ft 

c 






« -= 


E S. 


5 


C 3J « 

S ° « 

— -BO 

" £ 2 • 

°.5<£ ^H 


O 




a 

is 

a, 

B 


c 
c 


3 


H 










ft 


-_ 


B 

9 
O 




>> 

> 

a; 

B 


| 




<L 




03 ec 

B X 




6 








> 












B 


Si 












v 








•c £ •- <« 






D 














£ 








C 






£ 




S 






& 






o 








a 






a> 














s 




9 






5 * 3, 






I 








a 






c 


> 






a> 











O 






- o 3 

- S3 


X 












■B 






u 


a 






e 






c 




ft 






s 




V 








C£ 






> 














» 




s 






3 














— ' 






•a 


-3 














_ o 






o 




1 


~z 


S 




5 






= 


'i 




E 


o 








£ a 






w *" °° 








u 










9 














— 




a ts 






•C -• 9 


o 




it 


d 


i 




= 


sS 




ex Oj 


S 




:l 


i 






_ ■■ 






E B — 


rt 




>-. 


u 






a 


A 




0) 


g 






aJ 


a 




d 










■&§£ 






































ft. o 






r « 


m 




<s 


a 


o 

E 







B 




C 
C 




- 




c 


o 








9 _0 
B V 






c °° tn E 






i 


> 


A 




g 


9 




JS 


1 


5 




sz 


9 




c 








B * = 5 

c f = g 






3 









9 


O 












JJ 










9 •* 






£.:^ 5d^ 






o 




g 




» 


S 




■~ 




? 






& 




'-: 




o 






b, 


a 












c* 






_ 








-r 






-r 




— 






.- 












e« 






e» 








= 






B4 




c 






e 






o 








o 






c 








c: 






a 




o 






o 


aj 


















" 








"" 






— 




^* 






~ 


<— "= 




a; 




a: 




4) 






V 




v 




a> 


U 




c 




a: 






ti 


c G 




eo 




cr 




5c 


t/ 








M 




& 


=r 




ba 




:. 






60 


K< 




E 




B 




c 


B 




e 




B 




- 






B 










E 




C3 










Bi 




n 








es 


c; 




a 




e 






a) 






A 




J: 




i: 










.= 




-: 






— 




— 












u 




o 




o 






u 








u 


u 








u 










o 




o 




o 


O 




o 




O 






Q 




o 




c 






c 




2 




fe 




fc 


i; 




? 




2 




Z 


a 




ts 




•z 






fe 














■a 






G> 






































































te 




V 




_ 







«> 




a 




V 




n 


© 




CJ 




c 






a> 


ffl 

o 




ci> 




to 






5: 








M 






^ 




tr 




tu 






ea 




B 




B 






= 








= 






c 








E 






B 




a 




rr 










o 








- 


B 














a 




.C 




£ 




■ 




















— 




A 












U 












ft 


















u 












o 




c 






a 








C 




o 






c 




o 






c 






1? 




fe 




1= 


fc 








^ 




Z 


Z 




2 




tr. 






'< 


, -c 


u 










































c ^. = 












































.£, j a 


y 


!S 




•fl 




■c 






•a 




■a 










■a 




■3 






*o 












































Z - 'i 
< c = 












































3 


< 




< 




«-. 


< 




< 




< 




< 


< 




< 




< 






< 


E 


^ 










































ai 




„■ 


_ 


X 


_ 




cc 


l 






a; 






X 


_ 






-. t 






"' — 












j= 






c 




























a 






— 




a. 




c 






— 


















Q 




a 


a' 


a. 

a 


33 


d 


-— 
90 






£' 


- 


a' 










E .- 

as 


c 

« 
D 

§ 




to 


B 




e 






B 








= 




«j 


- 






3 






Sm 




c 

I 

E* 


a 



or 
S -= 


- 






- 
- 

/. 

Sj 


s 

— . 




e 


r 
/. 
t 


eg 

- 


- 

K 

— 


/. 


•^ 




O 

03 J» 






•Sic 

IS 

a 3 

-OS 


5s_ 




ca 




""» 






K 








s 






W 








?• 






O 


6 




^ 




si 






ci 








"«• 






•■■i 








Qfi 






J'i 


K 













































URINE. 



161 



a.Sg 

sis 



c c. * 
2 -£ o 



■5 2 
a; ■— 



'c c: a "Co 



















^ 






- 
































e: 




•3 


a: 




c 
a 
















».— 3 




3 
























c 






k 


3 




c 






C 
























c 






















"" 




fc " 5 


MC 






~ 


9 


~ 




o> 






3 




o 






" 01 

c y 

c .2 




.d J 

I! 

a 


3 

E 




| 


L, 








D 






C ^ 










OS 




































ti 










1 


a 


C 
C 


to 

2 


o 
o 


ill 




s 




'5 

3 


3V 


- "2 
; tJD 


a. 






„ 


c 


! 


!T C 


T 4 


a fe'i 


c 




K 


C 


>i 2 


- 


£ 


XI 




Eg 


| 


Ej 


1 


£ - - 


J: = 


o 




E 


| 




£ = 


c 
c 


a 


































- 







xz 


C 


C5 


o 






C 




'_■ 


cs 




H 








T 


o 


2| 


o 


o 






.- 




,^ 


c: 




o 


















c» 
















« 










e 


c 




o 


o 






3 




c 


= 




c 






= 






r- 


"" 


1-1 


*~ 






rt 




— 


"" 




— 






- 




o 


oi 


s 


a> 


x 






ai 




c 


a, 




o 






a 




M 


at 


SB 


to 








tr 




tr 


t/. 




t/ 










C 




C 


c 


s 




























n 




a 








B 






c 




C3 


















.c 










-= 
















u 




a 




















U 










c 


c 


o 


o 


o 
















O 






Z 




2: 


2: 


Z 


55 


z 






£ 




12 


fe 




V- 
















o 










- 











































































V 








































J 




c 




ts, 


™ 


M 






C 


C* 


a? 
to 


o 




o 










c 








c 










c 


B 














K 




CC 




« 








— 


cr 




















s: 
















^ 




■c 










«J 


















:( ~ 
















c 


c 
















E - 


O 










!Z 




12 


6S 


fe 


'75 


125 






C 

S. 


1 


£2 


X 




c 
a. 

O 






__ 




_ 


_ 


_ 


_ 


_ 






^. 




_. 


-3 




— 
























w 




5 












< 




<5 


< 


< 


< 


< 






< 




< 


< 




< 






ai 




_: 




e£ 


^ • 


^ 


f; 


J. 


_: 




_■ 


(N 


1. 


jB 


ai 












.= 


CI 


T 


- 


c> 




c> 




c 






B 




B 
1-3 


■7. 


- 




X 

Eh 


X 


U 






a. 


- — 


< 


s 


3 

B 








> 

E 
c 








Ee 










j<: 


E j 










£ 


r 


tn 


E 




O 


03 


s- 


Z. J 


a 




r 'J 
E 

5 1 


■3 


< 
-3 

- -i 


3 




c 




rt — 


a. 


o» — 




~ 


c 




s« 




■j. a 




"C j; 


ri 




4 




c- 




< 




E 






r 




'-' 


S 




K 





11 



162 APPENDIX. 

From these observations we may safely conclude that mer- 
cury does not always produce albuminous urine : and though 
we cannot say, from these few instances, that it never is a 
cause of the existence of that principle in the excretion, yet 
these cases may serve to warn the reader from depending too 
much upon loose assertions. I have myself observed, that 
urine containing albumen sometimes becomes freed from that 
substance by exhibiting mercury to the patient. Dr. Francis, 
during his late inquiries, met with such a case: and I quote the 
following from a note I received from him: — 

" The other case was one of albuminous urine. The patient 
was salivated: and whilst under the mercurial influence, the 
albumen entirely disappeared." 

Guy's Hospital Reports, No. xii. 1841. 

Colouring Principle of the Pink Deposits. 

Dr. Prout has lately examined this point, and comes to the 
conclusion that the colouring matter is not necessarily com- 
posed of murexid, but may be produced by the action of nitric 
acid or any oxygenating agent on the colouring matters of 
urine as well as on lithic acid. He believes, however, that 
nitric acid is the principal cause of such change of colour. 

Distinction of the more Ordinary Deposits. 

It is frequently desirable to form a correct judgment con- 
cerning the nature of the deposits, when visiting patients, and 
when we have not our laboratory at hand. We cannot always 
determine their nature from their appearance; for though the 
lithates are generally darker in colour than the phosphates, 
still they sometimes approach so nearly in external appearance, 
that we are scarcely able to distinguish them but by chemical 
means. I lately was consulted concerning the nature of a de- 
posit which had been regarded as phosphatic. owing to its 
being of a pure white. It proved to be made up of lithates. 
When we observe a deposit concerning which we are in doubt, 
the sedimentary matter can be extemporaneously examined by 
shaking it up in the urine, and then applying heat to a portion 
of the turbid fluid; if the sediment dissolves, we may at once 
conclude that it consists of the alkaline lithates, and, for the 
most part, of the lithate of ammonia;* if, on the contrary, the 

* These salts are often found as drposits, in urine which holds al- 
bumen in solution. When this is the case, the turbid urine first be- 
comes clear on the application of heat, but afterwards an opaqueness 
is produced by the coagulation cf the albuminous matter. 
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action of heat fails to render the urine clear, we may be pretty- 
sure that we operate on phosphates, or organic matter in the 
form of pus or mucus. These may easily be distinguished, 
since the phosphates are at once dissolved on the addition of 
hydrochloric acid, whereas the latter substances resist that 
solvent. 

Deposits of Matters accidental to the Urine. 

The deposits which have been observed to occur owing to 
the presence of ingesta in the urine are composed of lime 
united to the citric, tartaric, and malic acids. 

These salts are all reduced to carbonates at a red heat. 

Citrate of lime is to be distinguished by the following exa- 
mination : — 

When boiled with a solution of carbonate of potash, a car- 
bonate of lime is deposited, and the citric acid forms citrate of 
potash with the alkali present. 

This alkaline citrate is precipated by neutral nitrate of lead, 
and the precipitate collected on a filter. This is known to be 
citrate of lead from the fact of its being soluble in a solution of 
caustic ammonia. 

Tartrate of lime is known from the characteristic odour 
of tartaric acid which it evolves when subjected to a 
charring heat; this test distinguishes the tartrates very com- 
pletely. 

Malate of lime, like the citrate, forms an alkaline salt when 
boiled with a solution of carbonate of potash; but the precipi- 
tate in neutral nitrate of lead produced by this solution is dis- 
tinguished from that formed by the citrate of potash, in not 
being soluble in ammonia, but being very freely dissolved by 
boiling water, and crystallising as the water cools in fine 
needle-shaped crystals. 

Diabetes. 

Dr. Henry has constructed the following table, by which we 
are enabled to determine the proportion of solid extract con- 
tained in any quantity of diabetic urine, simply by ascertaining 
its specific gravity. In the experiments which afforded these 
results a steam bath was used, and the heat continued until the 
extract ceased to lose weight. 
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The quantity of solid matter voided by diabetic patients is 
thus to be ascertained without the delay of evaporation. I have 
had occasion to test the correctness of this table, and can recom- 
mend it as calculated to afford most satisfactory results. 

Torulae in Diabetic Urine. 

This fungoid vegetable growth, which is delineated on the 
plate fig. 15., is characteristic of the existence of fermentation, 
and its presence may be regarded as a very correct microscopic 
test of the presence of sugar. 



Urine containing the Principles of Milk. — Kiestein. 

There is a substance of a caseous character which has been 
called kiestein, and gravidine, occasionally found in the urine 
of women during gestation. I have had several opportunities 
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of examining this, and believe it to be the caseous matter of 
milk altered by passing through the kidney. In several cases 
of advanced pregnancy I was enabled to detect the presence oi* 
milk globules in such urine, and that too in considerable num- 
bers, so as to leave no doubt as to the real origin of the so- 
called kiestein. 

Fatly or Chylous Urine. 

I lately had an opportunity of examining a specimen of chy- 
lous, or chylo-serous urine, and being at the time engaged in 
the microscopical and chemical examination of chyle, was ena- 
bled to determine the existence of chyle in the excretion satis- 
factorily to my own mind. The microscopical appearances 
were such, indeed, as to leave but little doubt that in this form 
of disease the chyle passes through the kidney. The ordinary 
chyle granule and globule could be easily detected with the 
fatty globules intermixed. This kind of urine occasionally 
deposits a coagulum. The specimen I examined, however, 
remained unaltered by rest, and had quite the appearance of 
milk. The specific gravity was 1-021, and it was slightly acid, 
and remained so for several days. Agitated with ether, it be- 
came transparent, the ether dissolving out the fatty matter. 
These fats were soluble with difficulty in alcohol, and did not 
saponify with caustic potassa. When incinerated they yielded 
an alkaline ash. The urine, when cleared by ether, proved to 
contain albumen, being coagulable by heat and nitric acid. 
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PREFACE. 



The great inpulse that has lately been given to the study 
of Chemical Pathology has thrown considerable light on 
many obscure subjects, and effected the solution of various 
difficult, and hitherto uncomprehended problems. Yet, 
however important the knowledge thus gained may be, there 
still remains a great deal to be obtained. 

The names of Prout, Bird, Bright, Willis, Percy, Day, 
Jones, &c, in our own country, and of Berzelius, Liebig, 
Lecanu, Rayer, Becquerel, Simon, and Lehmann, on the 
Continent, will ever be remembered by those interested in 
chemico-pathological investigations, and need only to be 
mentioned to bring others into this daily increasing field of 
interesting research. 

The urinary secretion is the chief, and at the same time, 
the most important subject of attention in this branch of 
science. I have, therefore, endeavoured in the following 
pages, to give a clear as well as correct description of its 
composition, both in Health and Disease, and of the various 
modes of detecting its several normal and abnormal ingre- 
dients, with a view to present the Student with a Manual 
or Pocket Companion that may be useful to him while 
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prosecuting his Hospital Studies. I have strenuously 
avoided all discussion, preferring to confine myself simply 
to the narration of such facts, relative to this very important 
fluid, as it will then be necessary for him to be possessed 
of, leaving him to refer to other and more elaborate treatises 
for more detailed information on urinary diseases. Should 
I succeed in my object, my labour will be fully repaid by 
the satisfaction, the knowledge of having done so will be 
to me. 

19, Langham Place, 

September, 1847. 



CHAPTER I. 



1. Two very important actions are continually taking 
place in the body. They are, First, the Destruction or 
Metamorphosis of the different tissues of which it is com- 
posed ; and, Secondly, the Deposit of fresh materials for 
their nutrition and repair. Both are admirably effected by 
the blood, a fluid which takes up the different decomposed 
and waste matters, and carries to every part its requisite 
nutritive materials ; the former act constituting the second 
or destructive stage of the secondary assimilating process 
of Dr. Prout, or in the w r ords of Professor Liebig,the meta- 
morphosis of the tissues, and the latter the primary or forma- 
tive stage of the same process. In order, therefore, that 
the blood may be fitted for its purposes, it is evident that 
fresh blood must be continually formed in order to make up 
for the loss it sustains, and that it requires to be continually 
purified. This we find to be accomplished by digestion and 
respiration, the one separating and rearranging the nutritive 
matters of our food, the other, through the iniluence of the 
atmosphere, converting them into blood ; and lastly, by 
the various secreting and excreting organs which remove 
from it the various matters with which it becomes impreg- 
nated during the destructive processes, some of these being 
perfectly effete or excrementitious, answering no further 
purpose in the ceconomy, but which, if retained in the sys- 
tem, produce very serious, and even fatal consequences. 

The excreting organs are of two kinds ; first those which 
separate from the blood, its superabundant carbon and hy- 
drogen, namely, the liver, the lungs, and the skin; the first 
in the shape of bile, and the two last as carbonic acid and 
water ; and, secondly, those which remove from it its highly 
azotised compounds, such as the urea and lithic acid, 
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namely, the kidneys. To the latter, and to the skin, too 
much attention cannot be paid, as it is upon the due and 
proper performance of their respective functions that our 
health may be said in a great measure to depend. In fact, 
how frequently we are called to cases which have entirely 
arisen either from the suppression, or imperfect excretion of 
the perspiration or of the urine ; and was it not for the wise 
provisions of nature (which we can but admire) in enabling 
one excreting organ to antagonise, or, in other words, to 
compensate for, the deficient action of another, we should, 
considering the great and frequent changes to which these 
two excretions are liable, both as to quantity and quality, 
from various and constantly occurring causes, be continually 
the subjects of disease. 

It will be seen, therefore, that the relations or sympathies, 
if I may so term them, that exist between the different ex- 
creting organs, are of the utmost importance in preventing 
the imperfect performance of their respective functions, 
from frequently giving rise to some morbid condition of the 
system. Thus, when the functions of the skin are im- 
peded those of the kidneysare increased, and vice versa, and 
when the powers of respiration are diminished they are re- 
placed by an increased activity of the liver ; and lastly, 
w T hen the latter is sluggish, the kidneys make up for the de- 
ficiency, by excreting a larger quantity of carbonised mat- 
ter. Unfortunately, however, this compensating effect does 
not always take place ; hence it is that when an organ has 
been previously diseased and consequently weakened and 
rendered susceptible of, or predisposed to, further morbid 
action, it is almost sure to suffer, when, from any cause, it 
is called upon for increased exertion. Numerous examples 
of this fact are presented to us by the kidneys, than which, 
there is, I should say, no organ more susceptible of derange- 
ment, or whose secretion is subject to so much variation, 
both in health and disease, and from the slightest causes ; 
and this cannot be wondered at when we consider that these 
organs are the emunctaries by which not only a consider- 
able portion of the waste matter that is of no further use to 
the system is got rid of, but also large quantities of fluid 
with which the blood becomes overcharged after copious 
draughts of liquid, and various other matters which have 
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entered the circulation after a repast. It is evidently there- 
fore very essential that we should be thoroughly acquainted 
with the normal composition and character of the urinary 
excretion, and at the same time able, not only to discover 
any deviation from the healthy standard, but also correctly 
to ascertain in what that deviation consists. And this has 
of late years become the more necessary in consequence of 
the valuable researches, on this subject, of Prout, Becque- 
rel, Bird, Liebig, Simon, and others, who have thus ren- 
dered the study of urinary diseases extremely interesting 
and useful. In fact, as Dr. Bird has remarked " Med. 
Gaz. for Feb. 10, 1843:" " the examination of the urine 
in disease is now regarded as one of the most important 
aids in diagnosis, and which it would be alike injurious to 
the welfare of the patient, as to the credit and reputation of 
the practitioner to avoid." 

I propose then, first, to speak of the properties and com- 
position of healthy urine and the various modifications it is 
liable to undergo', both in health and disease, and after- 
wards to describe the mode of analysing it. 
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CHAPTER II. 



2. The urine is a fluid composed of certain effete, animal, 
and saline matters, which have been separated from the 
blood by the kidneys.* In health, immediately on being 
passed, it is in adults, transparent, of an amber colour, 
something like that of Sherry wine, and of a temperature 
varying between 95 degs. and 100 degs. Farhn. It has a 
bitter, disagreeable, saltish taste, which is more or less 
marked according as the urine is more or less concentrated ; 
an acid reaction on litmus, and a peculiar somewhat aro- 
matic odour, which is said to resemble that of violets. 
This on cooling goes off, and becomes replaced by one, sui- 
generis,, to which the term urinous has been applied ; this 
also disappears in a few days, but may be restored by 
heating the fluid, and is succeeded by one resembling sour 
milk, and lastly by one of fetid ammoniaco-alkaline cha- 
racter. The urine of infants on the contrary, is almost co- 
lourless and without smell when passed, but evolves an 
odour on standing resembling that of veal broth. It has 
scarcely any reaction on test paper, and is very low in 
density. 

3. The odour, however, is liable to be greatly altered 
by certain articles of food, such as asparagus, onions, gar- 
lic, &c, and by some kinds of medicine, as turpentine, co- 
paiba, assafcetida, and the essential oil of the juniper berry, 
each of which imparts to the urine its peculiar character- 
istic fragrant principles. It is likewise considerably in- 
fluenced by disease. Thus it is particularly strong in all 
cases of fever and inflammation, for instance, and slight or 

* The urine was formerly supposed to be secreted from arterial 
blood. Mr. Bowman has, however, attempted to prove in a paper, 
published in the Philosophical Transactions for 1842; also Med. 
Gaz. vol. xxx, " On the Structure and useoftlieMalpighianbodi.es." 
that it is like the bile separated from venous blood. 
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even entirely wanting in those of ansemia and hysteria ; 
while in diabetes immediately the urine is voided, it re- 
sembles that of whey, and subsequently, when fermentation 
commences, is of an alcoholic najure. 

4. The colour also varies and depends in a great measure 
on the degree of concentration of the secretion. Hence it 
is generally darker in summer than in winter, owing to the 
solid contents of the urine being relatively increased at this 
season. It is, generally speaking, somewhat darker in men 
than in women, owing, I fancy, in a great measure, to their 
more active exertion, causing an increase of the cutaneous 
exhalation, and thereby diminishing the amount of fluid in 
the urine. It is also greatly modified by particular states 
of the system, by certain articles of food, and by some me- 
dicines. Thus, it is deep in febrile affections, pale in 
nervous diseases, ansemia, &c, and yellowish or of a dirty 
brown in bilious disorders. It is of a more or less deep 
brown in proportion to the animal diet of the person, and 
when chimaphila or the pareira brava have been adminis- 
tered ; reddish after the ingestion of beet-root, the prickly 
pear {Cactus Opuntia ;) and hsematoxylon, and yellowish 
when rhubarb has been taken. Rayer also states that the 
urine of an epileptic patient had a light green tint after a 
few day's use of sulphate of indigo, in doses of from one to 
three drachms in the course of twenty-four hours; and De 
Velseu gives an instance of an old man affected with 
chronic inflammation of the bladder in whom it became of 
a deep violet colour after the use of lime water mixed with 
milk.* Drs. Prout and Simon have also met with cases in 
which it was of a dark blue owing to the presence of indigo 
which in all probability had become generated in the system. 
It is likewise much altered by foreign substances, as blood, 
pus and bile, the former renders it of a dirty red, brown or 
black, the second of a dirty yellowish white, and the last of 
a more or less deep yellow, sometimes approaching to a 
dark brown, or even black. 

5. Dr. Prout is of opinion that the colour of the urine is 
due to the presence of two colouring principles, one of 

* Quoted in the Med. Gaz. for August 8th, 1815, from Heller's 
Archive Heft 1, 1811. 
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which is closely allied to lithic acid and lithate of ammonia, 
and gives them their yellow colour, and the other to some 
modification of the colouring matter of the bile ; and he be- 
lieves both to be intimately connected one with the other 
from the circumstance that lithic acid and the biliary co- 
louring principle are similarly affected by nitric acid. 
Simon believed the first to be identical with the yellowish 
brown matter, viz. the hcemaphaein that is extracted from 
the dried serum of the blood by ether and alcohol.* Bec- 
querel also supposes the colouring matters of the urine to 
be composed of two others ; one of a greenish and the other 
of a reddish colour, and he states that the latter generally pre- 
dominates when the urinary secretion is high coloured and 
loaded with uric acid and organic matters. This is perfectly 
in accordance with Dr. Prout's statement. Berzelius has 
applied the term halophyle to the yellow colouring matter 
of the urine, in consequence of the great difficulty of sepa- 
rating it from the saline principles of the secretion. Heller, 
on the other hand, has given it the name of wroxanthin, 
which he says " occurs in solution in very small proportion 
in healthy urine, but is much increased in certain forms of 
disease."! 

6. Some discrepancy of opinion exists respecting the 
pigment which gives to the urine and its lithic deposits that 
peculiar rose and purple tint in certain cases of derange- 
ment of the portal circulation. Dr. Prout considers it to be 
the purpurate of ammonia, the murexid of Liebig. Dr. 
Bird believes it to be a principle very different to this, and 
to which he has given the name of Purpurine. His reasons 
for differing from Dr. Prout are founded on the different be- 
haviour of the two substances towards certain reagents ; and 
on the latter being soluble and the former insoluble in al- 
cohol ; while M. Rayer thinks it is the rosacic acid of Yau- 
quelin. Simon describes a principle closely allied to it 
under the name of uroerethrin ; and Heller states that the 
yellow pigment of the urine, which he has termed uroxan- 
thin, "possesses the property of being converted by oxida- 
tion, (either spontaneously or artificially,) in two other pig- 

* Simon's TIandbuch, b. 1. s. 328. 

| Simon's Animal Chemistry, by Day, vol. ii. p. 522. 
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meats, one of which is of a ruby-red tint, urrhodin" and 
no doubt identical with the purpurine of Dr. Bird, " while 
the other is of the colour of ultramarine, (uroglaucin." 
They both " occur in diseases different in most of their cha- 
racters, but similar in one — the presence of an excess of 
urea in the blood: thus they are found in Bright's disease, 
in cholera, and in suppression of urine. Further, when 
these products occur in considerable quantity, (especially 
when the blue sediment is spontaneously formed,) there, is 
always much carbonate of ammonia, and very little urea 
(perhaps mere traces) in the urine, as is often the case in 
Bright's disease. Finally, Heller has observed the blue tint 
developed by nitrate of urea artificially prepared and kept 
moist, and has likewise produced it by adding nitric acid 
to an old solution of urea, partially converted into carbo- 
nate of ammonia,"* and hence they are in all probability, 
together with the uroxanthin, derived from urea. 

Scherer states as the results of his experiments that the 
colouring matter of urine is allied to both that of the blood 
and bile°and he is led to believe that it is formed from the 
hcematin of arterial blood, and that its formation is anala- 
gous to that of the urea and lithic acid. He states its com- 
position to be as follows : 

Carbon . • 58-43 

Hydrogen . • 5-16 

Nitrogen . • 8.83 

Oxygen . • 27.58 

100.00 

In those diseases accompanied by an inactive state of the 
lungs and of the liver, and by rapid metamorphosis of the 
tissues, the two first elements become remarkably increased 
The opinion therefore expressed by Dr. Bird, namely: that 
an excess of this matter in the urine may be considered as 
an evidence of the kidneys performing a compensating 
function for the lungs and liver receives very strong cor- 
roboration ; and the great similarity that is found to exist 
between the composition of the normal colouring matter ot 

* Simon's Chemistry. 
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the urine as given above, and that of purpurine, of the bile 
pigment, and of the urinary colouring matter in jaundice, 
still more confirms it. 

The following are the respective compositions of these 
principles according to Dr. Bird : — 



Urinary colour- 
ing matter of 
jaundice. 



Urinary colour- 
ing matter in or- 
ganic dise.ise of 
the liver. 



Carbon . . 
Hydrogen . 
Nitrogen . 
Oxygen. . 



60-19 
6-68 

34-25 



65-76 
6-01 

28-23 



Bile Pigment 
from urine. 



68-182 
7-437 
7-074 

17-261 



A non-nitrogenized diet has likewise the effect of in- 
creasing, although not in equal proportions, the quantity of 
carbon and hydrogen passed with the urine, even when 
there is no alteration in the amount of exercise taken or of 
oxygen absorbed. An excessive secretion of this principle 
for any length of time, gives rise, according to Scherer, to 
anoemia and emaciation. 

7. The quantity of urine passed in twenty-four hours has 
been differently stated by different authors. Thus, Haller 
estimated it a 49 ounces ; Simon at 45 ; Bostock and Rye 
at 40; Venables considered it to average between 40 and 
50; Rayer between 21 and 57; Becquerel about 46, and 
Dr. Prout between 30 and 40 ounces. Becquerel also 
states that it may range within the limits of health between 
28 and 53 ounces. Dr. Prout's estimate will I think on 
the whole, for this country at least, be found the most cor- 
rect. It appears to be somewhat less in men than in women, 
according to Becquerel ; although the contrary is stated to 
be the case by Dumas and Burdach. 

8. The quantity, however, is much influenced by various 
circumstances. It is generally found to be increased in 
cold and damp weather; by a vegetable diet, and according 
to Mr. Erichsen,* during the process of digestion, a short 
time after its commencement, and by exercise ;f by certain 

* Med. Gaz. July 4, 1845. 

t Exercise has generally been supposed to diminish the secretion 
of urine; but 1 think when we consider that any thing which accele- 
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medicines, as squills, digitalis, colchicum, and various 
resinous and saline compounds, particularly the salts of 
soda, &c, and by the ingestion of large quantities of watery 
and aerated fluids. In order, however, that liquid potations 
may have the effect of increasing the quantity of the urinary 
secretion it is necessary, as Professor Liebig, has proved, 
that their density should be less than that of the blood, 
otherwise instead of being absorbed into the circulation they 
attract water from the blood on the principle of exosmosis, 
causing the sensation of thirst, and eventually become dis- 
charged by the bowels. Hence it follows that to ensure 
the action of a diuretic salt it should be given in a very 
diluted state. It is diminished in hot and dry weather: and 
when the cutaneous and pulmonary exhalation, and the 
alvine excretions are augmented; and according to Bou- 
chardat by alcoholics. It also varies considerably in cer- 
tain morbid conditions of the system ; thus it is increased 
in Diabetes, Polydipsia, Hysteria, and other nervous affec- 
tions, and likewise by fear, mental emotions and grief; and 
is diminished in cases of fever and inflammation, rheuma- 
tism, disease of the liver, and hepatic and cardiac dropsies. 
9. The natural transparency of healthy urine is liable to be 
disturbed whenever the proper relative proportions of its 
constituents are altered, or when it contains some preter- 
natural or foreign matter. Hence it is that urine frequently 
becomes turbid from the presence of mucus, pus, or blood; 
from an excess of lithic acid or lithate of ammonia ; from 
the superabundance of the phosphates, or in consequence of 
the decomposition which the fluid undergoes in disease, or 
by keeping. Some of these form a kind of scum on the 
surface of the urine, and constitute what is termed a pellicle ; 
others float in it near the surface, and form a cloud; while 
others again become precipitated to the bottom of the con- 
taining vessel and give rise to a sediment. Dr. Bird has 
included the whole under the term of urinary deposits, 
which he has divided, into the four following classes. 

rates the circulation must tend to stimulate the secreting organs, we 
should have been perfectly justified in supposing the contrary, as 
now proved to be the case by the investigations of Mr. Erichsen. 
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Class 1. — Deposits composed essentially of ingredients 
formed directly or indirectly from the metamorphosis of 
tissues, or from the inorganic elements of food capable of 
assuming a crystalline form. 

Uric Acid and Urates. 
Uric Oxides. 
Oxalate of lime. 
Cystine. 

Class 2. — Deposits composed of ingredients of inorganic 
origin ; including : — 

Phosphate of lime. 
Ammonio-phosphate of magnesia. 
Carbonate of lime. 
Silicic Acid. 

Class 3. — Highly coloured deposits (black or blue) of 
doubtful origin : — 

Cyanourine. 
Melanourine. 
Indigo. 
Prussian Blue. 

Class 4. — Deposits consisting of non-crystalline organic 
products; including: — 

A. Organised. 
Blood. 
Pus. 
Mucus. 

Organic Globules. 
Epithelium. 
Spermatozoa. 
Torulae. 
Vibriones. 

B. Non- Organised. 
Milk. 

Fatty Matter. 
Stearolith. 
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10. Its consistence varies with its density, and with the 
presence of foreign matters. Thus the greater the specific 
gravity, the more consistent the urine, and vice versa. It 
is also increased by mucus, blood, pus, albumen, sugar, 
and oxalate of lime, and by an excess of lithic acid. 

11. The specific gravity is subject to much variation. 
Like the consistence it depends on the degree of concen- 
tration of the urine, and on the presence of foreign matters, 
and has been stated by different authors to oscillate between 
1.010 and 1.020. Thus M. Becquerel gives 1.018 as the 
mean in men, and 1.015 in women. Simon places the 
average at 1.012.6 ; Lecanu at between 1.020 and 1.030; 
Dumas at between 1.015 and 1.030, and Aldridgeat 1.015; 
while Dr. Prout thinks 1.020 will be a more correct average 
for this country. 

12. The specific gravity however differs, according to 
the specimen of urine examined, whether it be that passed 
on rising in the morning, or that excreted after copious 
liquid potations, or that voided after a meal. Hence, and 
from the particular source from which each is derived, the 
division of the urine into three different kinds. 1. The 
Urina Sanguinis, the urine of the blood, or morning urine. 
2. The Urina Potus, and 3. The Urina Chyli, or of di- 
gestion. The first w'hich may be considered as the urine 
par excellence, varies in density from 1015 to 1025 ; the se- 
cond being oftentimes excessively dilute is of extremely low 
weight, and in some cases indeed little heavier than dis- 
tilled water : while of the third, or the urine from food, the 
specific gravity is generally considerably increased both in 
health and disease, and may be said to range between 1020 
and 1030. 

13. Dr. Schweig states that there is a constant rate of 
increase and decrease in the density of the urine through- 
out the clay, and that, ceteris paribus, it varies in the morn- 
ing from 1.017 to 1.022; in the afternoon from 1.023 to 
1.028; in the evening from 1.019 to 1.028; and in the 
night from 1.022 to 1.025. Moreover, that the specific 
gravity of the night urine passes through certain limits in a 
cycle of six days, attaining a minimum twice in thatperiod. 
The following table represents the average density of twenty 
such periods. 



16 MARKWICK ON URINE. 

Nights of the Cycle. Density of the Urine. 
1 1.022 



1.017 
1.019 
1.020 
1.019 
1.017 



From this it appears that the specific gravity is higher on 
the first night and lower on the second and sixth than on 
any other. According to Dr Schweig five of these cycles 
occur in each lunar revolution, the night previous to the 
new moon being counted as the second day of one of the 
cycles.* 

14. In consequence therefore of this variation in the 
density of the urine at different times of the day, it is ne- 
cessary, in order to avoid error, and for the sake of perfect 
accuracy, that three things should be attended to. The 
first is to collect the whole of the urine evacuated in twenty- 
four hours, otherwise we may be led to suppose from the 
low density of a given specimen of urine, that the amount 
of solids excreted in twenty-four hours is much below the 
healthy standard, whereas it may not only not be at all di- 
minished, but on the contrary, somewhat increased. In 
fact so important is this in disease that were we to neglect 
it we should be frequently liable to error, as an excess of 
the solid constituents of the urine, relatively to the quantity 
of water it contains may be present in a particular sample 
voided at a certain time, when the amount excreted in the 
twenty-four hours does not exceed, or perhaps is not so 
great as that in health, and vice versa. The second is to 
ascertain the quantity of its watery portion ; for in propor- 
tion as this is increased or diminished, so will the density, 
ceteris paribus, be decreased or augmented. Consequently 
if the quantity of urine passed during the day be not greatly 
above or below the normal standard and its specific gravity 
is very low, we may conclude that the proportion of its 
solid ingredients has considerably diminished ; but, if on 
the other hand, we find the amount of urine is much greater 
than natural, then we may attribute the diminution in den- 

* See Dr. Bird's work on Urinary deposits, Second Edition, 
page 32. 
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sity to the proper relative proportions that normally exist 
between the solid and fluid portions of the urine having be- 
come destroyed. And we must not, as I have just now 
alluded to, suppose that the decrease of specific gravity 
from this cause is the criterion of the urine of a given time 
containing a less amount of solid matter than it should do, 
as the very reverse will, in all probability, be found to be 
the case. Again if the amount excreted in the twenty-four 
hours be normal or even greatly augmented, and the spe- 
cific gravity high, we may confidently assert that the altera- 
tion is due either to an excess of urea or to the presence 
of some extraneous matter such as sugar. The third is to 
examine its temperature: for Simon found that urine of 
specific gravity, 1020.75, at 59 degs. Farh., became re- 
duced to 1019.85 when the temperature was increased to 64 
degs. and increased to 1021.46 when it was lowered to 53 
degs. Farh. 

15. It often happens that we are unable to collect the whole 
of the twenty-four hours urine, either from the patient being 
ignorant of its importance, and in consequence unwilling 
to strictly attend to the rnquisite precautions, or from his in- 
ability to suppress the evacuation of the bladder when un- 
loading the bowels. In this case we must be content with 
the average density presented by the urine that is passed 
after a night's rest, and by that excreted after digestion on 
going to bed, which will be generally sufficiently accurate 
for all practical purposes. 

16. The urine in some casespossesses certain optical proper- 
ties which have been taken advantage of as a means of 
diagnosis. They have been employed principally in the de- 
tection of saccharine diabetes, in which disease, as also in 
albuminuria, the urine has the power of producing the cir- 
cular polarization of a polarized beam of light. The ob- 
stacles and difficulties, however, attending this method, are 
such as will, in all probability, prevent its ever coming into 
general use,* notwithstanding all that has been said in its 
favour by Bouchardat and Biot ; and moreover Dr. Leeson 
has proved that it is by no means to be depended on.f 

17. Various analyses have been given of the urine. Ac- 

* See a translation of Bell on Diabetes by the author, page 17. 
f See part vii. of the Memoirs of the Chemical Society. 
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cording to Berzelius 1000 parts consist of 933 of water and 
67 of solid ingredients, 30.10 of which represent urea and 
1 uric acid ; the remaining 35.90 being constituted by 17. 
14 of organic matters, such as the lactic acid, the lactate 
of ammonia and colouring principles, &c, by 18.41 of al- 
kaline and earthy salts, as the sulphates of potash and soda, 
the phosphates of soda, ammonia, lime and magnesia, the 
muriates of soda and ammonia, and a trace of filiate of lime, 
and by 0.32 of vesical mucus, and .03 of silex. 

It is much to be regretted, however, that this distinguish- 
ed chemist has not informed us either of the kind or the 
density of the urine he examined ; but we have every 
reason to believe, from the large proportion of solids it con- 
tained, that it was a specimen much above the normal 
standard, and therefore cannot be considered as a type, 
with which all calculations and investigations both in health 
and disease are to be compared. 

18. Becquerel's analysis, as modified and arranged for 
this country by Dr. Prout, has been generally considered 
as more approaching the truth, and is given in the following 
table. 

TABLE I. 

Which shows the average Normal Quantity, Specific Gravity, 

and Composition of the Urine in this country. 



Quantity, Specific Gravity, and Composition of the 
Urine. 



Urine in '24 IComposifien 

hours. Inf lnOOpartf. 



Quantity of Urine . . . 

Specific Gravity .... 

General ( Water . . 

Composition \ Solid Matters 



Water 

Urea 

Lithic Acid 

Organic f Lactic Acid . 
matters in- j Lactate Ammonia 
separable -j Colouring matters 
from each j Extractive matters 
other . [ Muriate Ammonia 

Fixed salts f Chlorides f Lime 
indecom- j Phospha- J Soda 
posibleat | tes j Potash 
a red heat [ Sulphates [ Magnesia J 



1000 



35 fid. 
1.020 

14807 grsJ 967 
! 505 33 



«. 



14807 grs, 967. 
2-26.802 14.230 
7.190 .468 



146.467 10.167 



124.5416 8.135 



15312.000 1000.000 
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Composition of the entire quality of Fixed Salts voided in 
24 hours ; and in a 1000 parts of urine. 



(a) Fixed Salts voided in 24 
hours. 



Chlorine . 
Sulphuric Acid 
Phosphoric Acid 
Potash . . . 
Soda ( 

Lime < 
Magnesia r 



9.04 
15.39 

5.72 
23.40 

70.99 



124.54 



(b) Fixed Salts in 1000 parts. 



Chlorine . . 
Sulphuric Acid 
Phosphoric Acid 
Potash . 
Soda 
Lime 
Magnesia . 



.591 
l.OOfi 

.373 
1.529 



4.638 



8.131 



Here the solid matters are represented in the proportion 
of only 33 instead of 67 in 1000 parts of urine, the speci- 
fic gravity being 1020 ; an amount which will be seen to 
but little exceed the proportion of urea, and to be not quite 
one half that of the whole of the solids stated by Berzelius 
to be present in the same quantity. 

19. This amount however appears to be much too small 
from the researches of Dr. Day,* who has proved the for- 
mula A x 2.33 of Dr. Christisonf to be more accurate 
than that of either Dr. Henry or Dr. Becquerel, which are 
A X 2.58 and A x 1.65 respectively; the average error 
from using it being only .47 in 1000 parts, while the mean 
error of Dr. Henry's formula is 7.71 and that of Dr. Bec- 
querel, 21.92. 

The following table has therefore been constructed for 
the purpose of showing the probable composition of the urine 
according to Dr. Christison's formula. 



* Lancet vol. i. 1844, p. 373, 

f Library of Medicine vol. iv. p. 248. 
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TABLE II. 



Quantity, Specific Gravity and composition of the 
Urine. 

Quantity of Urine 

Specific Gravity 

Urea 

Uric Acid 

Peculiar Azotised principle (Pettenkofer) 

Hippuric Acid 

Organic "j 

matters in- | Colouring- matters . . } 

separable j> Extractive matters . . > 

from each J Muriate Ammonia . . ) 

other. J 

Fixed Salts ~) Chlorides f Lime . ~\ 

indpcom- f „, , . j Snda . f 

., , . } Phosphates < D , . > 

posible at ai * ) Potash . ( 

red heat . J Sulphates ' Magnesia ) 

Total amount of Solids 

Quantity of Water 

Total amount of Urine .... 



Urine in 24 Composition 

hours. i of iooo parts. 



35 fl. oz. 
1.020 



1.000 



304.550 

9.999 

76.600 

7.365 



140.929 



a 174.118 



889 
653 
000 

481 



9.206 



b 11.371 



713.561 
11598.939 



46.600 
953.400 



15312.500 1.000.000 



Composition of the entire quantity of Fixed Salts voided in 
24 hours; and in 1000 parts of urine. 



(a) Fixed Salts voided in 24 
hours. 



Chlorine 
Sulphuric Acid 
Phosphoric Acid 
Potash . . . 
Soda ) 

Lime > 
Magnesia ; 



(6) Fixed Salts in 100 
parts. 



12-64 Chlorine . . 
21.52 Sulphuric Acid 
7.97 Phosphoric Acid 
32.72 Potash . . . 

j Soda ) 

99.25 Lime £ 

! Magnesia ) 



0.826 
1.406 
0.521 
2.137 



174.10 



11.372 



20. Lehmann states the average amount of solid ingre- 
dients to be as follows: 
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After a mixed Diet *. 1.047.000 

" an Animal Diet 1.349.898 

" a Vegetable Diet 914.541 

" a non-nitrogenous diet 643.455 

and Lecanu informs us that the composition of the urine 
will be found to vary but little in the same individual at 
stated times, but that very great differences will be found 
in the secretion of different persons. 

21. Its solid contents however generally become di- 
minished in debilitated states of the system, and when the 
blood corpuscles are decreased in number, although in land 
scurvy Heller detected a slight increase. The proportion 
in this disease was in one case 50.72, the specific gravity 
being 1.021. M. Chambert, in a memoir presented to the 
Academie des Sciences, on the 2d June, 1845, deduces as 
the results of his investigations. 1st, That the urine of the 
food contains more saline matter than that of the blood ; 
2d. That the inorganic principles are in a direct ratio with 
the quantity of salts introduced with the food. 3d. That 
the saline ingredients are more abundant in the urine of the 
blood in proportion as they exist in larger quantity in that 
of digestion. 4th. That there is no relation between the 
saline matter and the specific gravity of the urine, or be- 
tween them and the organic principles. 

22. The ingredients held in solution in healthy urine 
may with Dr. Bird be arranged under the three following 
heads. 

I. Organic Products. 

1st. Ingredients characteristic of the ~\ Urea, Uric acid, eolour- 
secretion produced by the destructive f ing and odorous principles, 
assimilation of tissues, and separated I and a crystalline nitrogen- 
from the blood by the kidneys. J ised body. 

2d. Ingredients developed principal-) Rippuric acid, lactic acid? 
ly from the food during the process of > and ^j^ constituents . 
assimilation ; 

II. Saline Products. 

3d. Saline combinations separated ) Pho8phateB Chloride of 

from the blood, and chiefly derived > q.j:' 
, ' J i bodium. 

from the food. ) 

4th. Saline combinations chiefly } 

generated during the processs of de- > Sulphates. 

struclive assimilation. ) 
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III. Ingredients derived from the Urinary Passages. 

5th. Mucus of the bladder. 
6th. Debris of epithelium. 

Under the first head are placed those elements which are 
destined to be secreted by the kidneys from the blood, and 
to the presence of which in the urine, the characteristic 
properties of the latter are due. Under the second are 
classed several saline compounds most of which are present 
in the various other secretions, the sulphates alone appear- 
ing to be peculiar to the urine ; while under the third head 
we find certain matters common to all secretions passing 
over mucous membranes. 

I. Organic Products. 

23. Urea enters more largely than any other substance 
into the composition of the urine. It is described by Dr. 
Prout as assuming the form of four sided prismatic, colour- 
less, transparent crystals, of a pearly lustre, wdiich leave a 
sense of coldness on the tongue like nitre. It has a faint 
and peculiar, but not urinous, smell, is neither acid, nor 
alkaline ; undergoes no change on exposure to the air, 
except in very damp weather, when it slightly deliquesces, 
but does not seem to be decomposed. Pulverized and 
mixed with salts containing water of crystallization it sepa- 
rates the latter, and the mass becomes either soft or perfectly 
liquid according to the quantity of water contained in the 
saline substance. It also has a singular effect on the crys- 
tallization of particular salts. Thus it converts the natural 
cubical form of chloride of sodium (common salt) into the 
octahedral, and the characteristic octahedral shape of hydro- 
chlorate of ammonia into the cuboid. Its specific gravity is 
1.35; is soluble in its own weight in cold and any propor- 
tion of hot water; and in four and a half parts of cold, and 
about two parts of boiling alcohol, from which latter it 
separates in a delicately crystallized form on cooling* Lrea 
has no neutralizing power but combines with acids, espe- 
cially the nitric and the oxalic. 

24. The nitrate of urea is represented by Drs. Prout and 
Lehmann as being composed according to their analyses of 
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one equivalent of nitric acid and one equiv. of urea. Reg- 
nault, and more lately Heintz, on the other hand, have 
found it to contain one equiv. of water in addition. The 
following is the composition of 100 parts of this salt as 
<nven by different chemists. 

Prottt. Lecanu. 3Tarchand. 

Nitric Acid 47.375 - 47.00 - G6.ll 

Urea 52.626 - 53-00 - 33.89 



100.000 - 100.00 - 100.00 

Regnault <£" Becquerel. Heintz. 

Nitric Acid .... 43.781 - 44.14 

Urea 48.938 - 48.86 

Water 7.281 - 7.00 



100.000 - 100.000 

Oxalate of urea contains in 100 parts according to Ber- 
zelius, 

Oxalic Acid . . . 37.436 
Urea 62.564 



100.000 



25. In the opinion of M.M. Cap and Henry, urea exists 
in the urine, partly in combination with lactic acid. This 
however is doubted by Pelouze* Lecanu, Liebig, and 
Dumas; the latter indeed seems more inclined to believe 
that it is present in a free state, but nevertheless believes 
it possible that it may exist in combination with sal ammo- 
niac and chloride of sodium* to a greater or less extent. 

26. Dr. Prout from his analysis gives the composition of 
urea as follows: 

Carbon . . . 19.99 

Hydrogen . . . 6.65 

Nitrogen . . . 46.65 

Oxygen . . . 26.63f 

* Med. Times, vol. xvi. p. 29. 

f Thomson's Annals, vol. xi. p. 353 
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Wohler and Liebig represent it as being composed of 

Carbon . . . 20.02 

Hydrogen . . • 6.71 

Nitrogen . . . 46.73 

Oxygen . . . 26.54* 

27. Its formula is C„ 2 , H 4 , N 2 ,. Hence it will be 
seen to represent either one atom of Cyanogen, two of 
water, and one of Amidogen thus: 

C. N. H. 0. 

2+1 = one atom cyanogen. 

2 + 2 = two atoms water. 
1+2 = one atom amidogen. 



2 + 2 + 4 + 2 = one atom urea. 

Or two atoms of carbonic oxide and two of amidogen 
thus: 
c. n. h. o. 

2 2 = two atoms carbonic oxide. 

2 + 4 = two atoms amidogen. 



2 + 2 + 4 + 2 = one atom urea. 

28. Its formula also readily explains the formation of the 
cyanate and carbonate of ammonia, and oxalic acid in the 
urine. For by abstracting one equivalent of water from one 
of urea we have the composition of one atom of cyanate of 
ammonia. 

c. n. h. o. 

2 + 2 + 4 + 2 = one atom urea, 
minus 1 + 1 = one atom water. 



gives 2 + 2 + 3 + 1 = one atom cyanate ammonia. 



and if we add two equivalents of water to one of urea we 
* Poggend. Ann., xx. p. 375. 
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have the composition either of two atoms of carbonate of 
ammonia as follows : 

C. N. H. O. 

2 + 2 + 4 + 2 = one atom urea, 
plus. 2 + 2 = two atoms water 

gives. 2 + 2 + 6 + 4 which is equal to 

2 4 = two atoms carbonic acid 

2 + 6 = two atoms ammonia. 



2 + 2 + 6 + 4 



Or of one equivalent of oxalic acid, two of ammonia and 
one of oxygen, thus : 

c. n. h. o. 

2 + 2 + 4 + 2 = one atom urea. 
plus 2 + 2 = two atoms water. 

gives. 2 + 2 + 6 + 4 which is equal to 

2 3 = one atom of oxalic acid. 

2 + 6 = two atoms ammonia. 

1 one atom oxygen. 



2 + 2 + 6 + 4 



Another probable source of the oxalic acid occasionally 
met with in the urine will be alluded to under the head of 
uric acid, (32.) The above is Dr. Bird's hypothesis.* 

29. The conversion of the urea into carbonate of am- 
monia occurs much more rapidly, generally speaking, in 
warm weather than in cold ; and also when the urine con- 
tains a good deal of mucus, which, in that case, by under- 
going putrefaction may, according to Dumas, act as a fer- 
ment But in order that putrefaction may take place in the 
healthy secretion it is essential, as proved by the researches 

* Guy's Hosp. Reports for April, 1842. 
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of Guy-Lussac, that the atmospheric air, or rather the oxy- 
gen contained in it, should have free access to the fluid. 
For it appears that so long as this is excluded from the air 
by being confined in well stoppered bottles, its odour, trans- 
parency, and natural acid reaction remain unaltered, uric 
acid being alone deposited ; whereas if placed in contact 
with the air, the oxygen of the latter becomes absorbed and 
may, by combining with the nitrogenous extractive princi- 
ples of the urine, in the opinion of M. Dumas and Dr. Al- 
dridge, and with the colouring matter as believed by Liebig, 
probably transform these substances into nitrogenized fer- 
ments which are thrown down in an insoluble state, and the 
urea into carbonate of ammonia, which, by rendering the 
urine alkaline, causes the phosphate of lime and triple 
phosphate to be also precipitated. Still it not unfiequently 
happens, however, that this change, namely the conversion 
of urea into carbonate of ammonia, takes place in the blad- 
der, into which no air is ever admitted; and I have no 
doubt, even in some cases, although it has been stated to 
the contrary, previous to secretion, the urine being under 
those circumstances passed in an alkaline condition. I shall 
have occasion to refer more particularly to this important 
fact bye and bye. 

30. Moreover it would appear from the late investiga- 
tions of Drs. Sunderland and Rigby, that this metamorpho- 
sis is very prone to take place during certain forms of men- 
tal derangement. Thus they found that in dementia the 
urine effervesced on the addition of an acid in 34.37 per 
cent; in melancholia 30, and in mania, 16,67 per cent; 
and that in the first mentioned affection, the urine when 
passed in an acid condition, has a tendency to very speedily 
become alkaline.* Dr. Erlenmeyer however states that the 
urine of maniacs, which he says is generally pale and de- 
ficient in solid constituents, particularly lithic acid and its 
compounds, is more disposed to be alkaline than that of 
melancholies ; and he considers that in proportion as there 
is a greater disposition in the latter class of cases for the 
urine to assume an alkaline reaction, without there being 
any accompanying organic affection either of the brain or 

* Me<L Gaz. vol. 36. p. p. 235, 229. 



MARKWICK ON URINE. 



27 



spinal marrow, the more liable are they to become worse, 
and pass into mania.* 

31. According to Berzelius's analysis we find urea to 
exist in the urine in the proportion of 30.10 to 1000, but 
Becquerel, who has made several apparently very careful 
examinations of the urinary excretion, considers this much 
too great. He states it to be between 10 and 14 parts only 
in 1000 and the quantity passed in 24 hours to vary be- 
tween 15 and 18 grammes,! or 231.570 and 277.884 
grains ; the minimum specific gravity being 1015 and the 
maximum 1018. 

32. M. Lecanu found the proportion to be much greater 
than this in adult men and women and less in old men and 
children. The following shows the results he obtained 
from 120 analyses. 



Max. 



Mean. 



In adult men 

In adult women .... 
In old men (84 to 86 years) 
In Children of about 8 years 
In Children of about 1 years 



357.466 510.303 433.884 

154.237 437.003 295.112 

61.072 189.342125.202 

161.759 254. 171J207.965 

I 57.274! 81.821 69.548 



Still the amount excreted by the same individual in a 
given space of time was always much the same. It is not 
present however in the urine of children at the breast ac- 
cording to Lecanu, Rayer, Guibourt and others. 

33. The quantity moreover appears from the experiments 
of M. Lehmann on himself to be considerably modified by 
different kinds of diet ; thus, from his urine of 24 hours he 
obtained, 

After a non-nitrogenous diet . . . 237.909 grains. 

After a vegetable diet 347.061 „ 

After an animal diet 821.270 ,, 

And after a mixed diet 501.704 „ 

Bouchardat also states it to be diminished by alcoholics, 
and Lehmann, Simon, and Percy have found it to be aug- 
mented by violent bodily exertion. 

* Med. Times, vol. xvi. p. 237. 

f A Gramme is equal to about 15.438 grs. 



28 MARKWICK ON URINE. 

34. It is also much affected by disease, but an absolute 
excess in a given time is, according to Becquerel, of rare 
occurrence ; the general rule being an absolute diminution. 
According to the researches of Mr. Stuart Cooper, there 
appears to be no proportionate diminution between this and 
the other elements contained in the urine ; for he frequently 
found the urea to be considerably reduced in quantity and 
yet no very great decrease in the amount of the other or- 
ganic and inorganic matters. It is very abundant in ple- 
thoric states of the body, and remarkably scanty in anaemia; 
its quantity apparently coinciding in a direct ratio with the 
globules in the blood, for whatever increases or diminishes 
the latter, tends to augment the former (Andral.)* Incases 
of fever, rheumatism, and other inflammatory diseases, &c. 
the urine in twenty-four hours also contains a less amount 
of urea, although a given specimen may indicate an ex- 
cess. This is owing to the scantiness of the urine. It is 
likewise diminished in cirrhosis and hepatic dropsy, in va- 
rious chronic and neuralgic affections, and in albuminuria 
or granular degeneration of the kidneys, while in diabetes 
it was thought that the saccharine matter had taken its 
place. This has however been proved by more recent 
analysis not to be the case. In fact, Mr. McGregor was led 
to believe that patients labouring under this disease ex- 
creted " in twenty-four hours a much greater quantity of 
urea, than a person in health does in the same space of 
time,"f although a given specimen of diabetic urine con- 
tains a less proportion than the same quantity of the healthy 
secretion. Drs. Kane and Bouchardat consider the quan- 
tity to be the same as in health, while Drs. Prout and Henry 
estimate it at something less. Judging, however from the 
animal diet that must necessarily be employed in this dis- 
ease we should have been inclined to believe that the urea 
would be rather in excess than otherwise. It is also stated 
by Bouchardat to be considerably diminished in a disease 
of which one of the principal features is the presence of a 
large quantity of hippuric acid in the urine, and hence 
termed by him hippuria.| The greatest decrease observed 

* Med. Times, vol. xv. p. 285. , 

t Bell's Essay on Diabetes, p. 21. 

X Annuaire de Therapeutique for 1812, p. 285. 
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by Becquerel in twenty-four hours was in those cases in 
which there was great debility accompanied by slight febrile 
action ; the average quantity here being only 75.924. It 
however frequently happens that in a given specimen of 
urine the amount of urea appears more abundant than na- 
tural in consequence of the water having diminished much 
more rapidly than it ; and hence has arisen the erroneous 
idea that in fever, &c, it was actually increased in a given 
time. Two cases only were met with by Becquerel in 
which there was an increase in the normal quantity in 1000 
parts. One was a case of milk fever, the other of san- 
guineous apoplexy. In the former it was in the proportion 
of 18.842 and in the latter of 16.453 ; 14, being the maxi- 
mum in health according to this author. The amount ex- 
creted in twenty-four hours was only 133.492 and 190.076 
grains respectively ; thus showing that although there was 
a very considerable relative increase there was not only no 
augmentation in the natural quantity in the time specified, 
but, on the contrary, an actual diminution. 

The importance therefore of accurately ascertaining the 
actual amount of urine passed in the twenty-four hours 
before we can positively state that an increased excretion 
of the solid ingredients of the urine has taken place in the 
same period, at once becomes apparent. Still if a greater 
amount of urine than natural continue to be passed, then the 
quantity of urea may increase likewise, although M. Bec- 
querel states that he has never met with it, and is of 
opinion that it is an exceedingly rare occurrence. L'He- 
ritier however mentions a case in which during the com- 
mencement of an attack of gout, he obtained from the urine of 
twenty-four hours, 23.160 grammes, or about 357.454 
grains. The specific gravity was 1028.315 and the quantity 
of water 44 fluid ounces. And Dr. Prout has long since 
described two distinct kinds of cases characterised by an 
excess of urea, one with diuresis the other without. In- 
stances of the latter, he says, are not uncommon in certain 
forms of dyspepsia. It is evident therefore, that as in exa- 
mining the specific gravity, so also in ascertaining the 
quantity of urea three things must be considered. First, 
the quantity of water; Secondly, the age and sex of the in- 
dividual, and Thirdly, the kind of food he has been taking, 



30 MARKWICK ON URINE. 

for as we have seen from the researches of M. M. Lecanu 
(32) and Lehmann (33) it is subject to great variations in 
these respects. However we may generally calculate with 
a tolerable degree of certainty on an excess of this element 
whenever the specific gravity of the urine is above 1030.* 

35. According to Dr. Prout urea appears to be generated 
from the gelatinous tissues during the destructive stage of 
the secondary assimilating processes. Dumas states it to 
be " manifestly derived from the oxidation of the azotised 
materials of the blood," which he says "have a tendency 
to pass into a cyanic acid and oxide of ammonia." And 
in order to avoid any unnecessary expenditure of oxygen, 
nature wisely checks "the combustion of the azotised 
matter so soon as they are converted into cyanate of ammo- 
nia," which thus, immediately on its production, becomes 
transformed by an izomeric change of its elements, into 
urea.f Dr. Aldridge considers it, and in fact all the more 
essential elements of the urinary secretion, to be "derived 
from the combustion of the non eliminated secretions, and 
not directly from the decomposition of the tissues. "J It 
exists in healthy blood only in very minute proportion owing 
to its being removed from it by the kidneys as soon as 
formed. Therefore any thing which interferes with the eli- 
mentating action of these organs will cause the urea to be 
retained in the blood, from which on analysis it can be 
readily separated. Prevost and Dumas removed the kid- 
neys of different animals and found in five ounces of the 
blood of the dog above twenty grains of urea, and ten 
grains of it in two ounces of cat's blood. 

Urea is the first organic substance that has been formed 
artificially. Dr. Prout made several unsuccessful attempts 
to form it, but the honour of doing so was reserved for 
Whdler a German chemist. (82) 

36. Uric or lithic avid is one of the most important con- 
stituents of the urine. It has neither taste nor smell, and 
when pure is perfectly white, and crystallizes generally in 
rhomboid scales. It is insoluble in alcohol and ether, and 
but very sparingly soluble in water, requiring, according to 

* Prout on Urinary Diseases, p. 99. Fourth Edit. 
+ Med. Times, vol. xv. p. 258. 
\. Lectures on the Urine, p. 21. 
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Liebig, 15000 parts of cold and 1932 of hot; and accord- 
ing to Dr. Prout, 10,000 parts at 60 degs. for its solution. 
It is soluble however in caustic potash and nitric acid, and 
on evaporating the acid solution we obtain transparent almost 
colourless crystals of the erythric acid of'Brognatelli, the 
alloxan of Liebig, which assume a deep purple colour on 
the addition of ammonia, and constitute the purate of am- 
monia of Dr. Prout, the murexid of Liebig, and the purpu- 
rine of Dr. Bird. It is converted by heat into hydrocyanic 
acid, urea, carbonate of ammonia, and an empyrematic oil. 
Exposed to the blowpipe it turns black, and becomes dis- 
sipated with the evolution of a very peculiar animal odour. 
It has but feebly acid powers, and its salts are readily de- 
composed by all acids. Its crystals, as they are met with 
in the urine, are always somewhat tinged by the colouring 
matters present in the secretion. 

37. According to Liebig and Mitscherlich it is composed 
of: 





Liebig.* 


Mitscherlich.'f 


Carbon 


36.083 


— 35.82 


Hydrogen 


2.441 


— 2.38 


Nitrogen . 


33.361 


— 34.60 


Oxygen . 


28.126 


— 27.20 



38. Its formula is C, ]0 N 4 , H 4 , 6 , which may be said 
to represent four atoms of cyanogen, two of carbonic oxide, 
and four of water thus: 





c. 


N". 


H. 





1 atom uric acid - 


= 10 -f 


4 + 


4 + 


6 


Equal 


to 








4 atoms cyanogen 


= 8 + 


4 






2 " carbonic oxide 


= 2 






2 


4 " water 


= 




4 + 


4 




10 + 


4 -f 


4 + 






Or, from the fact of its being decomposed into oxalic acid, 
allantoin and urea when boiled in water with peroxide of 
lead, as shown in the following diagram. 

* Ann. der. Pharm., vol. x., p. 47. 
f Poggend. Ann., vol. xxxiii., p. 335. 
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C. N. H. 0. 

1 atom uric acid - - =10-f 4-(- 4-f 6 
+ 2 " oxygen - - = 2 

+ 3 " water - - = 3 4-3 



10 4- 4 4 7 4-11 
Equal to 

1 atom urea - - =24-2+442 

2 " oxalic acid = 4 6 
1 " allantoin - - =4+24-343 



10 + 4 + 7 + 11 



it may be considered with the distinguished chemist of 
Giessen, as consisting of one atom of the compound radical 
called Urile, (composed of two atoms of cyanogen and four 
of carbonic oxide,) and one atom of urea. The composition 
of uric acid will then be represented as follows : 

1 atom uric acid - - =10 + 4 + 4 + 6 

Equal to 
1 atom of urile - - = 8 + 2 4 

1 atom of urea - - =2+2+4+2 



10 + 4 + 4 + 6 



Now inasmuch as urile differs from oxalic acid only in 
having two atoms of cyanogen in the place of two atoms of 
oxygen, and as it requires merely the addition of two atoms 
of water to be converted into this acid and also the hydro- 
cyanic, we can, with Dr. Aldridge, easily explain the 
formation of both these acids as well as the formic acid and 
ammonia in the urine. For 



1 atom urile 


= 8 + 


2 




4 


+ 2 " water 


= 




2 + 


2 




8 + 


2 + 


2 + 


6 


2 atoms oxalic acid 


Equals 

= 4 






6 


2 " hydrocyanic 


= 4 + 


2 + 


2 






8 + 


2 + 


2 + 


6 
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But as immediate reaction takes place between the hydro- 
cyanic acid thus formed and water, there is then produced, 
by an interchange of elements formic acid and ammonia : or 
in other words formate of ammonia. 

c. n. h. o. 
1 atom hydrocyanic acid = 2 + 1 + 1 
-f 3 " water - - = 3+3 



1 atom formic acid 
1 atom ammonia 



39. Liebig states that when uric acid is acted on by 
oxygen, it is converted first into alloxan and urea, and sub- 
sequently by the further action of oxygen on the alloxan 
into either the oxalic or carbonic acid and urea. 

The formation of alloxan and urea may be represented as 
follows : 

1 atom uric acid - - =10+4+4+6 



2 + 1 + 
Equals 

= 2 + 

= 1 + 


4 + 

1 + 
3 


3 
3 


2 + 1 + 


4 + 


3 



plus 4 " water 
plus 2 " oxygen - 



4+4 
2 



10 + 4 + 8 + 12 
Equal to 
1 atom alloxan - - =8+2+4 + 10 
1 « urea - - =2+2+4+2 

10 + 4 + 8+12 



That of oxalic acid and urea from alloxan thus : 
1 atom alloxan - - =8+2+4+10 
plus 1 " oxygen - - = 

8 + 2 + 4 + 11 
Equal to 

T • 1 a 

3 atoms oxalic acid = ° *; 

1 u urea - - = 2 + 2 + 4+2 

8 + 2 + 4+11 
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And that of carbonic acid and urea from alloxan, thus: 

c. n. h. o. 

1 atom alloxan - - =8+2+4 + 10 

plus 4 " oxygen = 4 

8 + 2 + 4+14 
Equal to 
6 atoms carbonic acid - = 6 12 

1 i. urea . . =2+2+4+2 



8 + 2 + 4+14 



Or the formation of the oxalic and the carbonic acids 
may be explained by the direct action of oxygen on uric 
acid itself; thus if we add 

4 equivalents of water - = 4+4 

and 3 " of oxygen = 3 

to 1 " of uric acid =10+ 4+ 4+ 6 

we have the formula 10+ 4+ 8+13 
Equal to 

2 atoms urea - - =4+4+8+4 

3 " oxalic acid — 6 9 



10 + 4 + 8 + 13 



And if we add three equivalents more of oxygen, we have 
then the composition of 2 atoms of urea and six of carbonic 
acid, thus: 

4 atoms of water - = 4+4 

plus 6 " oxygen - = 

plus 3 " uric acid - =10+4+4+6 

10 + 4 + 8+16 
Equal to 
2 atoms urea - - =4+4+8+4 
6 " carbonic acid - = 6 12 

10 + 4 + 8+16 
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Hence then we have two probable sources of the oxalic 
and carbonic acids in the urine, one from the re-arrangement 
of the elements of urea (Bird,) (28,) the other from the 
oxidation of uric acid (Liebig.) A third may also be men- 
tioned as being equally probable, namely, the perverted or 
mal-assimilation of the saccharine matter, (Prout,) (66 ra.) 

40. Lithic acid is supposed by Dr. Prout to be the result 
of the re-arrangement of the elements of the albuminous 
tissues. 

41. According to Becquerel, about 8.1 grains are excreted 
in the course of«t\venty-four hours. In Table 2 we have 
stated the quantity at 9.999 grains. It exists in the urine, 
in all probability (as Dr. Prout has stated) in combination 
with ammonia, an opinion which appears to be greatly 
favoured by the comparative insolubility (36) of the acid, 
and by the fact that it is precipitated when any weak acid 
is added to the urine. Dr. Bird believes that it separates 
the ammonia from the double phosphate of soda and am- 
monia, a natural constituent of the healthy secretion, and 
by this means sets free phosphoric acid, which thus pro- 
duces the natural acid, reaction of urine, and which requires 
for saturation about 15 grains of carbonate of soda. 

42. From the investigations of M. M. Lecanu and Leh- 
mann however, we learn that the quantity, like that of urea, 
varies considerably according to the age, sex, diet, and 
exercise of the individual ; but that in the same person, in a 
given time, but little variation is found to take place. Thus, 
M. Lecanu states the average in twenty-four hours to be 

In adult men . . ■ . • 13.153 grains. 

In adult women .... 10.034 

In old men 6.792 

In young children . • • 1.775 

while M. Lehmann ascertained that his urine in the same 
time contained 18.25 grains after a mixed diet of animal 
and vegetable food ; 22.70 when he restricted himself en- 
tirely to an animal diet; 15.76 after eating nothing but 
vegetables, and 11.26 when he confined himself to food 
perfectly free from nitrogen. Moreover, it has been found 
to be increased by alcoholic drinks (Bouchardat,) and di- 
minished by much bodily exertion, (Lehmann.) 
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43. It is augmented when the cutaneous exhalation is 
impeded, and is also increased both absolutely and rela- 
tively in all cases of fever; in rheumatism and gout, and in 
diseases of the heart, lungs, and liver, being according to 
professor Andral, in cirrhosis, together with dropsy, an 
almost positive sign of the hepatic affection;* but is di- 
minished in chlorosis, anaemia, and other diseases, accom- 
panied by great debility. This is decidedly opposed to the 
statement of Liebig that the uric acid disappears in pro- 
portion to the accelerated state of the circulation, and the 
amount of oxygen taken into the system.* 

44. "Excluding all abstract theories," says Dr. Bird,f 
" whenever an excess of uric acid or its combination with 
bases occurs in the urine, a normal quantity of water being 
present (30 to 40 ounces in twenty-four hours,) it may safely 
be inferred that one or other of the following states exist. 

A. Waste of tissue more rapid ] Fever, acute inflamma- 
than the supply of nitrogenized } tion ' rheumatic inflamma- 

• , i. • tion, phthisis, 

nourishment, as in .... J r 

B. Supply of nitrogen in the"] Excessive indulgence in 
food greater than is required for I animal food, or the quan- 

. to . . ] r . V titv of food remaining the 
the reparation and supply of tissue, [ same , with two little bo- 
as in J dily exercise. 

C. Supply of the nitrogenized ] 

food not being in excess, but the 1 All the grades of dys- 
digestive functions unable to as- [ pepsia. 
similate it • . J 

D. The cutaneous outlet for] 

nitrogenized excreta being ob- j All or most stages of 
structed, the kidneys are called )■ diseases attended with ar- 
upon to compensate for the defi- [ -est of perspiration, 
cient function 

E. Congestion of the kidneys! , Blows and strains of the 
, , ,° i , J ), loins, diseases of the ge- 

produced by local causes . . f nital apparatus ." 



* Med. Times, vol. 16. p. 156. 
| Urinary deposits, p. 110. 
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45. When it exists in excess in the urine, it either be- 
comes deposited as the fluid cools, or on the addition of an 
acid. (63.) The urine is also of a deeper colour than na- 
tural, contains in many cases a greater amount of urea, is 
somewhat increased in specific gravity, and has always an 
acid reaction on litmus. The urine of suckling infants, 
however, which not unfrequently contains an abundance of 
this element, has not these qualities; but is very pale, of 
exceedingly low weight, and, as we have seen, contains no 
urea. 

46. Lithic acid is met with in the urine either combined 
with ammonia in the form of an amorphous sediment of a 
whitish, yellow, pink, purple, or red colour, according as it 
is mixed with the yellow colouring matter of the urine, 
with purpurine, or with both ; or as a crystallized deposit 
constituting the red and yellow gravel, and also the va- 
riously coloured amorphous and pisiform concretions that 
have descended from the kidneys. 

47. Urine containing an excess of lithate of ammonia 
presents the following varieties, Thus it is either (a) of a 
very pale colour reduced in density, and turbid in conse- 
quence of a whitish lithate being dispersed through it; or, (6) 
of a light amber hue, somewhat lower in density than na- 
tural, and depositing a yellowish or pale drab coloured se- 
diment; or, (c) it is very high coloured, increased in specific 
gravity and with a reddish brown or brick-dust deposit; 
or, (d) lastly it may have a peculiar copper coloured, 
purple or crimson tint, owing to the presence of purpurine (6;) 
the deposits in these cases having always the same hue. 

48. In gouty and rheumatic subjects lithic acid is fre- 
quently found united with soda, and the urate of soda thus 
formed is sometimes produced in such abundance that it 
not only renders the urine perfectly white, but also cannot 
be entirely got rid of from the system by the urinary secre- 
tion. It is therefore retained in it and eventually becomes 
deposited in and round the joints giving rise to those pecu- 
liar and characteristic, and often painful swellings called 

chalk stones. 

49. The natural acidity of healthy urine has lately been 
accounted for by Liebig and Bird by the uric and hippune 
acids acting on the alkaline phosphates, and either setting 
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Liebig. 


Carbon . . . 


. . 60.742 


Hydrogen . . 
Nitrogen 


. . 4.959 
. . 7.816 
. . 26.483 



free a portion of their acid or converting them into acid 
salts. (46) 

50. Hippuric acid, so called from being present in large 
quantities in the urine of the horse, was formerly supposed 
to be peculiar to the urine of herbivorous animals. Leh- 
mann, Wittstock, Ambrosiani, Muller, and Simon however, 
have ascertained its presence in that of diabetic patients; 
and Scheele, Prout, Fourcroy and Renard, in that of young 
infants ; and Professor Liebig has lately proved it to con- 
stitute a natural ingredient of the healthy human excretion, 
in which he says it exists in nearly the same proportion as 
uric acid in combination with soda. Its composition is, 
according to Liebig, Dumas, Mitscherlich, and Bird, as 
follows : 

Dumas.\ Milscherlich.% Bird.§ 

- 60.5 - 60.63 - 63.93 

- 4.9 - 4.98 - 4.64 

- 7.7 - 7.90 - 8.21 

- 26.9 - 26.49 - 23.22 

And its formula C ]8 ,N l5 H 8 , O s? + H. O. Liebig states 
it, as well as the uric acid, to exist in the urine in solution 
with the phosphates of soda and potash ; and he ascribes 
the fact, that these salts no longer possess in the urine, the 
alkaline reaction, peculiar to them when contained in the 
blood, to the presence of these two acids, and partly to the 
formation of a small portion of sulphuric acid as the re- 
sult of the combustion of the sulphuric compounds con- 
tained in the system. 

51. Hippuric acid crystallizes in long semi-transparent 
four-sided prisms, with dihedral summits, and has a some- 
what bitter taste and a powerful acid reaction on litmus. It 
is soluble in about 400 parts, of cold water, more soluble in 
boiling water, and still more abundantly in alcohol, by 
which therefore it can be readily separated from uric acid, 
which, as I have said, is insoluble in this menstruum ; but 

* Ann. der Pharm., vol. xii. p. 20. 

j Ann. de Chimie et de Physique, vol. lvii., p. 327. 

i Poggend. Ann., vol. xsxiii. p. 335. 

§ Urinary Deposits, p. 51. 
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is comparatively insoluble in ether. It becomes trans- 
formed into benzoic acid during the decomposition of the 
urine. It is also converted by nitric acid into the benzoic, 
and by sulphuric acid, with the addition of heat into the 
benzoic and carbonic acids and ammonia. Hydro-chloric 
acid dissolves it but does not decompose it. The addition 
of perchloride of iron to its aqueous solution produces a 
yellow colour. It is fused by a strong heat, and eventually 
becomes converted into a reddish coloured oil having an 
odour like that of Tonquin beans, ammonia, benzoic acid, 
and a black carbonaceous mass, and eventually into hydro- 
cyanic acid with the evolution of its peculiar odour. 

52. Dr. Bird believes that the quantity represented by 
Liebig, as normally present in the urine, is not constant, 
but always much less than he has stated. He is of opinion, 
however, that hippuric acid, considering the abundance of 
carbon it contains, may possibly be one of the means by 
which this element may be eliminated, in large quantities, 
from the system by the kidneys, and that these organs may 
in those cases, where the lungs and liver, the proper 
emunctories of the carbon, do not effectually perform their 
functions, in some measure compensate for the deficiency, 
by excreting a larger quantity of hippuric acid. This is a 
subject well worthy of investigation. Mr. Stuart Cooper, 
in a memoir which gained the Corvizart prize for 1845, 
states the quantity to be in an inverse ratio with that of 
urea. 

53. I know of only three well authenticated cases in 
which there was an excess of this acid in the urine. The 
first is described by M. Bouchardat under the title of hip- 
puria,* a disease characterized by excessive thirst, a harsh 
dry skin and an abundant secretion of watery urine, having 
an odour of whey, which contained only fourteen parts per 
1000 of solid matters, 2.23 of which were hippuric acid, 
and no uric acid. The second is recorded by Dr. Garrod 
who obtained from about six ounces of urine as much as 
half a drachm of the acid, and this for several days together. 
A remarkable feature in this case is that this excess was met 
with during the administration of small doses of muriate of 

* Loc. Cit. 
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morphia for a superabundance of urea, and a deposition of 
the triple phosphate of ammonia and magnesia, which had 
been previously met with in the urinary secretion of the 
patient. The uric acid in this case was not in the least 
diminished in quantity. The third occurred in a young 
female aged thirteen affected with chorea, who had lived 
for some time on nothing but bread and water and apples. 
M. Pettenkofer examined her urine which was of a limpid 
yellow colour, and states that it contained as much as 1.2286 
per cent of hippuric acid.* 

54. According to Liebig hippuric acid is derived from 
the non-nitrogenized elements of food ; and we learn from 
the experiments of Wohler, Ure, and Keller, that benzoic 
acid when administered internally becomes converted into 
the hippuric with the disappearance of the urea, and, 
according to Dr. Ure, of the uric acid, also. Dr. Garrod 
has, however, proved this to be a mistake, and in this state- 
ment he is confirmed by the researches of Dr. Jarnes Booth 
and M. H. Boye of Philadelphia, from which it results ; 
Fir sty That the uric acid suffers no alteration, either in 
quantity, or in its external properties, by the exhibition of 
benzoic acid and its subsequent metamorphosis into the 
hippuric. Secondly, That this metamorphosis is apparent 
in the urine in from twenty to forty minutes after the benzoic 
acid has been taken, and continues to be so for eight hours; 
Thirdly, That the quantity of hippuric acid obtained from 
ihe urine exceeds by about one-third, that of the benzoic 
acid taken ; Fourthly, That the hippuric acid is not com- 
bined with the urea in the urine, but that, Fifthly, it is 
united with and kept in solution by ammonia,f and not 
soda as has been stated by Liebig. Dr. Bird explains the 
conversion of the benzoic into the hippuric acid by sup- 
posing four atoms of the former and one of urea to act on 
48 of oxygen and become converted into two atoms of the 
latter, 44 of carbonic acid, and 8 of water. Drs. Liebig 
and Garrod give a different explanation ; they account for 
the transformation by supposing two atoms of 'benzoic acid 
to act on the elements of one atom of lactate of urea and 
produce two atoms of the acid in question. 

* See Liebig and Wohler's Annalen, vol. 50. 
f Med. Gaz. for Nov. 21, 1845, p. 1286. 
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55. The presence of Lactic acid and its compounds in 
the urine has been disproved by Liebig, who on repeating 
the experiments of Berzelius, discovered a particular crys- 
tallizable substance, that had not been previously described, 
and which he believes to have been mistaken for them. 
This new matter appears to be very rich in carbon and ni- 
trogen, and therefore it is the more to be wondered at that 
it should have been confounded with lactic acid, a com- 
pound entirely free from the latter element. 

56 The normal proportion of this acid in 1000 parts of 
healthy urine cannot, I think, be considered as decided 
even supposing it to exist there. Becquerel believes it to 
constitute the greater portion of what he terms the insepa- 
rable organic matters, which according to him, vary between 
7 and 10 parts in 1000, and to exist partly in a free state 
and partly in combination with ammonia, soda, and urea. 
M. Lehmann states the average amount of free lactic 
acid to be 1.525, and that of combined lactic acid 1.160, 
making a total of 2.685 parts in the quantity stated. The 
mean daily quantity of free lactic acid discharged, accord- 
ing to the same observer was : 

After a mixed Diet 23.68 grains. 

,, an Animal Diet .... 33.45 ,, 

„ a Vegetable Diet .... 18.35 „ 

While that of combined lactic acid was : 

After a mixed Diet 18.12 grains. 

Vegetable Diet .... 21.16 

57. The composition of this acid is : 

Carbon 44.90 

Hydrogen 6.11 

Oxygen ' 48.99* 

And its formula C 6 , H 5 , O s . It is therefore greatly al- 
lied to 

C, 2 , H J0 , O I0 , = Starch. 
C l2 , Hii,Oij, = Gum. 
C 24 , H24, O24, = Sugar of Milk. 
C, 2 , Hi 4, Oi4, = Grape Sugar. 
Cj 2 , Hi 1, Oi 1, = Cane Sugar. 

* Liebig's Animal Chemistry, p. 309. 
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58. Peculiar azotised principle. This is a neutral sub- 
stance lately discovered in the urine by Pettenkofer. It 
has a sharp bitter saline taste, and is easily dissolved both 
by water and alcohol. From its watery solution it is thrown 
down by chloride of zinc. When heated on platinum foil 
it first melts and subsequently enters into slow combustion, 
at the same time giving off' an odour of urine and ammonia. 
It is said to contain 54.02 per cent of nitrogen, and to exist 
in the urine in proportion of five grains to 1000. Its for- 
mula is C 8 , Nj, H g , 3 , which, according to Dr. Bird, 
" differs only in the proportion of the elements of water 
from that of uramil, a product of the decomposition of uric 
acid, and which may be regarded as uric acid in which the 
elements of urea are replaced by those of ammonia and 
water." Thus, on comparing the two formulas together, 
we shall find that of uramil which is C g , N 3 , H 5 , 6 , con- 
tains three equivalents less of hydrogen and three equiva- 
lents more of oxygen than does the new principle of Pet- 
tenkofer. Dr. Bird, moreover, suggests, that it is a tran- 
sition formation between uric acid and urea," and there 
seems some probability of such being the case, from the 
fact that when uric acid is acted on by oxygen, it is, as I 
have already stated (39,) converted into an alloxam and 
urea, to the former of which Pettenkofer's formula may be 
considered to somewhat approach. 

The following is Dr. Bird's explanation of his views : 



C. N. H. 0. 

1 atom of the new body - =8+3+8+ 3 
8 „ oxvsren - - = 8 



+ 3 + 8+11 



Equal to 

1 atom alloxam - - =8+2+4+10 

1 atom ammonia - = l + 3 

3 atom water = 1+1 

8 + 3 + 8 + 11 
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Its composition may be represented as follows : 

Carbon 39.37 

Nitrogen ____--- 33.63 

Hydrogen ------- 6.79 

Oxygen - 20.21 

59. Extractive Matters. — These are certain organic nitro- 
genous principles, combined, in the opinion of Dr. Aldridge, 
with some substance resembling sugar or dextrine, which 
remain in combination with the saline constituents of the 
urine after the urea and lithic acid have been removed. 
They consist principally of the colouring matter already- 
described (6,) and which is considered by Scherer to be 
analogous to both that of the bile and blood ; are entirely- 
dissolved by water, less so by rectified spirit, and still less 
by alcohol; hence their division by the last named writer, 
into the loater extract, the spirit extract, and the alcohol ex- 
tract. They are composed of carbon, hydrogen, oxygen, 
nitrogen, and sulphur. Their watery solution very speedily 
undergoes the putrefactive fermentation, a very foetid dis- 
agreeable odour being then evolved, and a large quantity 
of acetic acid generated. During this process the presence 
of sulphur is manifested by the glass vessel in which it is 
allowed to take place, becoming blackened. On burning 
the extract in a test tube over a spirit lamp fumes of am- 
monia are disengaged, and may be detected in the usual 
way, namely, by holding a glass rod dipped in strong hydro- 
chloric acid, or the wetted stopper of the bottle containing 
it, over the mouth of the tube, a black carbonaceous mass 
being left behind. The spirit extract also generates acetic 
acid°in considerable quantity during its putrefaction, and 
on being heated gives off', according to Dr. Aldridge,* a 
pyroligneous oil, water, carbonate of ammonia, and leaves 
a porous charcoal. The alcohol extract, on the other hand, 
that is, that portion of the extractive matters, which in the 
words of Dr. Aldridge is " precipitable in white flocks 
from a concentrated watery solution by the addition of an- 
hydrous alcohol," does not produce any acetic acid by 
putrefaction. Thus then we are now able to explain the 

* Lectures on the Urine, p. 11. 
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cause of the decomposition which always takes place in the 
urine by keeping", and the origin of the acetic acid which 
is frequently found in it. Prout it is true some years ago 
proved its existence in the secretion by distilling the latter 
with sulphuric acid ;* and Liebig has more lately ascribed 
its presence to the putrefaction of the colouring matters of 
the urine, which, he says, become converted by this process 
into the acid in question and a brown resinous highly azo- 
tised substance. f But, thanks to the labours of Scherer, 
we now know what particular portion of the urinary ex- 
tractive it is that becomes transformed by decomposition 
into the acetic acid. 

60. In Table 2, I have represented the quantity of ex- 
tractive and colouring matter with muriate of ammonia 
passed in the twenty-four hours to be 140.929 grains. 
The amount was found by Lehmann to be considerably in- 
fluenced by diet, the greatest proportion being excreted 
after vegetable food. The following are the results of his 
investigations: 

After a vegetable diet . . . 254.929 grains. 

After an animal diet. .... 80.215 " 

After a mixed diet .... 161-711 " 

And after a non-nitrogenous diet . . 182.940 " 

The quantity is also considerably diminished by exercise, 
the mean daily amount during a pedestrian tour, being 
130.528 grains according to the last named author. 

61. The quantity of Fixed saline matters in healthy urine 
is stated by Becquerel to average about 140 grains in the 
24 hours. This is hardly enough for this country at least; 
that given in the table I have constructed from Dr. Christi- 
son's formula will probably be found more correct. Lecanu 
found the quantity to fluctuate between 75 and 378 grains, 
the following are the results of his analysis: 





Max. 


Mean. 


Min. 


In Men .... 


378 


265 


153 grains 


Women 


302 


234 


166 " 


Children of about 8 years 


168 


160 


152 " 


Old men 


151 


122 


94 " 



* Annales de Physique et de chimie, vol. 14, p. 260. 
f Lancet, June 1, 1844. 
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Becquerel gives 7.695 grains as the mean amount he ob- 
tained from 1000 parts of urine from four healthy men, and 
6.143 grains from the same quantity from four healthy 
women ; while the mean result of six analyses of the morn- 
ing urine of a healthy man made by Dr. Day was 9.27 in 
1000 parts. 

62. These saline matters are derived partly from the food 
and partly from the metamorphoses constantly taking place 
in the tissues. Thus the alkalies, potash and soda, are 
furnished by the blood and the albuminous tissues, and the 
earths lime and magnesia by the fibrinous and muscular 
structures. The hydro-chloric acid appears to be derived 
principally from the common salt we eat, and the sulphuric 
and phosphoric acids in great part from the oxidation of the 
sulphur and phosphorus contained in the albuminous and 
fibrinous tissues; the former in the proportions of 0.68 and 
0.36, and the latter of 0.33 and 0.33 respectively. The 
presence of sulphuric acid in the urine may likewise be 
partly ascribed to the oxidation of the sulphur recently dis- 
covered by Professor Redtenbacher in taurine, a substance 
obtained by the decomposition of the choleic acid of the 
bile, in the proportion of nearly twenty-six per cent, — 
25.70. It exists in the urine in combination with potash 
and soda, in the proportion, according to Professor Dumas,* 
of from 30.7 to 57.6 ; while the phosphoric acid is found 
united with both the earths and the alkalies ; the earthy 
phosphates varying from one-fourth to one-eighteenth and 
the alkaline phosphates from three-fourths to seventeen- 
eighteenths. (Dr. Bence Jones.) 

It is evident, therefore, that these salts must be subject to 
considerable variation in quantity both in health, in conse- 
quence of the difference in the conmposition of the various 
articles of food we take, and also in disease. In the latter 
they are generally absolutely diminished and to this Bec- 
querel appears to have met with but one well marked ex- 
ception. It was in the case of a girl convalescent from 
chlorosis accompanied by pulmonary emphysema, in which 
it was 32.759 grains above his highest normal standard. 
In this instance, however, it had increased conjointly with 

* Med. Times, vol. xvi. p. 71. 
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the water which amounted to upwards of 32 ounces. A 
relative increase, however, is by no means uncommon, 
especially in febrile and inflammatory infections. Indepen- 
dant of the alteration in the quantity of these saline matters 
taken together, variations in their relative proportions to 
each other also frequently occur. The greatest differences 
have been observed in the earthy phosphates; Lecanu 
indeed found them to oscilate between 0.56 and 30.2 grains. 
Some very interesting researches have lately been made by 
Dr. Bence Jones relative to this subject. Thus it appears 
from the results of his investigations, that the urine passed 
soon after eating a meal, no matter whether it consists of 
animal food or only of bread, contains a much larger 
quantity of the earthy phosphates than that voided at other 
times; whereas the proportion contained in that excreted 
after long fasting, is greatly diminished. The alkaline 
phosphates on the contrary, become very remarkably de- 
creased in quantity after a purely meat diet, and augmented 
in the greatest degree when bread alone is taken. Exercise, 
on the other hand, he found not to affect the earthy phos- 
phates, but to occasion an increase of the alkaline phos- 
phates to the extent of nearly one-third. A considerable 
augmentation in the amount of the earthy phosphates is also 
occasioned by the exhibition of the chloride of calcium and 
the carbonate and sulphate of magnesia. The same author 
also ascertained a remarkable difference in the quantity of 
phosphates excreted with the urine during certain diseases 
of the brain. For instance, in inflammation of the brain he 
found the quantity to be much greater than in delirium tre- 
mens; the average in three cases of the former being 8.26 
per 1000 urine sp. gr. 1.025,3, and in three cases of the 
latter only 0,67 per 1000, sp. gr. 1.020.4. Great mental 
exertion tends likewise very materially to increase the 
amount of phosphates. The average amounts of the earthy 
phosphates obtained by Lehraann in the 24 hours were as 
follows: 

After an animal diet .... 34.990 grains. 
" a mixed diet 17.411 " 

The quantity of chloride of sodium also varies remarkably 
in adult men and women. Thus, while in the former it 
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may be stated to average between 30 and 70 grains, in the 
latter, and likewise in old men, it scarcely ever reaches 
above 10 or 11 grains, and has been found even as low as 
0.26 grains. From the urine of dying persons, it is accord- 
ing to Prout, almost entirely absent. Lecanu found it to 
fluctuate between 0,26 and il6 grains in 24 hours in dif- 
ferent individuals. 

63. According to Berzelius sulphur exists in the urine 
not only as sulphuric acid, but also in some particular state 
of combination not yet defined ; and Mr. John T. Barry has, 
by repeating and modifying the experiments of the Swedish 
chemist, detected a very tolerable proportion of it. Dr. Bird 
also states, on the authority of Dr. Edmund Ronalds, that 
from three to five grains of sulphur in a compound form are 
excreted with all urine in the course of twenty-four hours. 
According to Dr. Ronalds the sulphuric acid bore to the 
non-oxydised sulphur, in five different specimens of healthy 
urine the following proportions: 

1.06 : 0.17 — 146 : 0.18 — 1.42 : 0.18 — 2.44 : 0.153 
1.32 : 0.165 

64. The quantity of Mucus contained in healthy urine is 
generally very small, and from its transparency, invisible. 
In some cases, however, as the excretion cools it becomes 
slightly opaque and forms a distinct cloud near the base of 
the containing vessel, constituting what is termed an 
eneorema. In females during the menstrual period it is 
more abundant, and from being somewhat altered in its 
properties, by having lost its natural transparency, can 
always be distinctly observed. Lecanu found it to vary in 
six different individuals (male) from 4.6 to 26.5 grains, and 
from 3.3 to 5.68 grains in various women and old men. 
In certain diseases it becomes considerably increased in 
quantity as will be more particularly alluded to hereafter. 
(118) When examined under the microscope it has a nu- 
cleolo granular appearance and is found to contain several 
exfoliated epithelial scales. 

65. Butyric acid is a compound which Berzelius states 
may be procured in small quantities from urine when it is 
distilled with sulphuric acid. Dr. Prout, however, appears 
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from the following passage at page 568 of his celebrated 
work " neither if we except the lactic acid does any form 
of the saccharine principle exist in healthy urine" to doubt 
its existence in the normal secretion, and is of opinion that 
it is only present during some particular derangement in the 
assimilation of the saccharine matters. It may therefore, I 
think, be considered as intermediary between the preceding 
healthy constituents of the urine and the abnormal ingre- 
dients frequently present in it during certain morbid states 
of the system ; and which now remain to be described. 
M. Lehmann found it to exist in rather large quantities 
during the first week after labour, in the urine of a female 
who did not suckle her child. 

66. The Abnormal ingredients may be divided into two 
classes. The first contains those matters resulting from the 
various alterations or decompositions which take place in 
the renal secretion ; and the second those of an organic and 
inorganic nature which have either been secreted with the 
urine, or which have entered it in consequence of some 
pathological change having taken place in some part of the 
urinary passages. They may be conveniently arranged in 
the following 
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CHAPTER III. 



67. Having spoken, in the foregoing pages, of the com- 
position of healthy urine and of the various modifications 
it is liable to undergo both in health and disease, it now 
remains for roe to describe the mode of obtaining this 
information, or in other words, the process by which the 
nature of the different natural and unnatural urinary con- 
stituents can be ascertained. This will form the subject of 
the present chapter. 

68. From what has been already said, it is evident that 
in examining the urine, it is always necessary to previously 
discover when it w T as passed, and then to commence by 
noticing its physical properties and its acid or alkaline re- 
action ; for by this means we become possessed of certain 
facts by which we are better enabled to regulate our subse- 
quent analytic researches. 

69. We should begin then by making ourselves ac- 
quainted with the colour, odour, transparency, and con- 
sistence of the urine, and then with its density, quantity, 
and chemical reaction on test paper. By its colour (4) we 
judge, First-, of its degree of concentration or dilution and 
consequently of the amount of solid ingredients; Secondly, 
of the presence of certain foreign matters, and Thirdly, of 
certain morbid states of the system. By its odour, (3,) we 
not only ascertain whether decomposition has taken place 
or whether some foreign odoriferous principles are present, 
but we are also enabled to suspect the existence of certain 
diseases. By a deviation from its natural transparency (9,) 
we discover either that some of its natural constituents are 
in excess; that it contains some abnormal element, or that 
some change has taken place in it by decomposition. By 
an increase in its consistence, (10) we detect the presence of 
mucus, pus, albumen, sugar, and even in some cases of 
oxalate of lime. By its density (11) and quantity, (7) we 
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are not only enabled to ascertain the amount of solid 
matters present in a given specimen, and the quantity ex- 
cre ed in a certain time, but are also led to infer either that 
certain e ements are diminished or in excess, or that some 
abnormal ingredient is present, or even the existence of 
some particular malady. Thus (by way of illustration,) 
vo distinct classes of cases may present themselves. In 
the first he urine is low in density, and either normal, di- 
minished, or increased in quantity. If it be normal or 
diminished we have positive proof that the amount of its con- 
stituents is reduced ; the extent of the reduction bein- ex- 
actly m proportion to the decrease in the quantity and spe- 
cific gravity ; while, if it be increased, no such reduction may 
have taken place, but on the contrary, the actual quantity 
of solid matter excreted may be perfectly normal, in fact, 
augmented. In the second class, the urine is of high spe- 
cific gravity, and its quantity either natural, decreased or 
augmented. If it be natural it is a certain sign that a 
greater amount of solid matter is held in solution. If it be 
decreased, which is most commonly the case, it shows that 
the quantity of solids has either remained unaltered, or that 
it has not diminished in the same proportion as their 
solvent. If it be augmented, it is a certain criterion that a 
much larger amount of solid is excreted than natural, and 
affords us a valuable means for ascertaining the cause of 
the emaciation that occurs in some cases. Lastly, by its 
acid neutral, or alkaline reaction, (2,41,29.), our former 
suspicions respecting the cause of the change in its colour, 
odour, transparency, and consistence, become in a great 
measure confirmed. For instance, suppose we find the 
urine thick or turbid, strong smelling, and high coloured, 
with a reddish or pinkish coloured deposit and acid, we 
know immediately that there is an excess of the lithates in 
combination with purpurine, (6, 46, 47 ;) while if it be pale, 
opaque, covered with a pellicle presenting numerous co- 
lours like the surface of a soap bubble, and alkaline, or 
perhaps, somewhat acid, we then strongly suspect an excess 
of the phosphates, more especially if the urine is alkaline, 
has a foetid ammoniacal odour, or contains a large quantity 
of mucus, (29,) which, as I have before said, is liable to 
5 
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act as a ferment, and by thus effecting the decomposition of 
the urea causes a deposit of the earthy phosphates. 

The valuable information that is thus derived from the 
examination of the physical properties and chemical reac- 
tion of the urine is obtained in a very short time and with 
little trouble. 

70. To ascertain the chemical reaction of the urine, blue 
and red litmus paper should be employed. The former 
will be changed to red if the urine be acid and the latter to 
blue if it be alkaline, but if it be neutral neither will be 
acted on. These test papers are now conveniently ar- 
ranged in small books by Griffin of Glasgow. 

71. The density may be obtained in two ways, either 
with the specific gravity bottle,* which is the most correct ; 
or with, what is more commonly used, the urinometer, an 
instrument consisting of a stem graduated from to 60 de- 
grees and two bulbs, the lower one being, partially or quite 
rilled with mercury in order to increase the weight of the 
instrument. It may be purchased at any Philosophical 
Instrument Makers, conveniently arranged in a case, con- 
taining a cylindrical glass vessel in which the urine to be 
examined is intended to be placed, a test tube, a bottle for 
nitric acid, a watch glass, and test paper. 

In using it, all that is required to be done is to place it in 
the urine contained in the glass vessel just alluded to, and 
then to carefully note the figure corresponding to the surface 
of the fluid which will be the density of the latter ; or, as Dr. 
Bird recommends, the degree immediately below it in order 
'•'■ to compensate for the errors arising from capillary adhe- 
sion of the urine to the glass." 

72. In estimating, however, the specific gravity, it is ne- 
cessary for the urine to be perfectly clear and free from im- 
purities ; therefore, when turbid, either from the presence of 
foreign bodies, or from the precipitation of some of its 
natural constituents, these must be previously removed by 
filtration ; and it behoves us also at all times, as I have 
before said, to pay strict attention, both to the temperature, 



* The specific gravity bottle holds exactly 1000 grains of dis- 
tilled water, therefore the density of any other fluid will be repre- 
sented by the increase above 1,000. 
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(which should be about 60 degs. Farnh.) and the quantity 
of the excretion in twenty-four hours ;(7.14) and when it is 
desirable to come to some correct conclusion with respect 
to the nature of the urine in that time, we must always en- 
deavour to collect, if possible, the whole that is passed, and 
then to submit a portion of the mixture to examination ; for 
it is evident that the results that are otherwise obtained can 
have reference only to the particular specimen examined. 
Another source of fallacy also requires to be avoided, viz., 
the sinking of the instrument too rapidly in the fluid, for if 
any of this collect on the stem above the degree corres- 
ponding to its density, it will cause the instrument to de- 
scend so much lower, and consequently indicate a less spe- 
cific gravity than the fluid in reality possesses. 

73. Various tables have been constructed by different au- 
thors, by which it is proposed to calculate the solid amount of 
matter contained in a given quantity of urine, from the 
specific gravity of the secretion. These tables are all 
based on the now well-known fact that the proportion of 
the solid contents of one thousand parts of urine is equal to 
the excess of its density over that of water multiplied by a 
given number ; this number being, according to Dr. Henry, 
2.58; according to M. Becquerel, 1.65, and according to 
Dr. Christison, 2.33. Now it must be evident to every 
one, from the great difference existing between these three 
amounts that fallacy must exist somewhere. Dr. Day has, 
however, proved, by numerous experiments, that the for- 
mula of Dr. Christison, viz. A + 2.33, in which A repre- 
sents the difference between 1000 grains and the density, is 
far more accurate than either of the others. 

I have therefore from it formed the following tables 
which, as they prove each other, may be relied on for their 
accuracy. 
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TABLE III. 

Showing the amount of water and the proportion of solids in 
a fluid ounce at different densities. 





Amount of 


Weight of 




Amount of 


Weight of 


Specific 


water in one 


solids in 1 


Specific 


water in one 


solids in ] 


Gravity. 


fluid oz. in 


fluid oz. in 


Gravity. 


fluid oz. in 


fluid oz. in 




grains. 


grains. 




grains. 


grains. 


1000 


437.50 




1029 


407.92 


29.58 


1001 


436.48 


1.02 


1030 


406.90 


30.60 


1002 


435.46 


2.04 


1031 


405.88 


31.62 


1003 


434.44 


3.06 


1032 


404.86 


32.64 


1004 


433.42 


5.08 


1033 


403.84 


33.66 


1005 


432.40 


5.10 


1034 


402.82 


34.68 


1006 


431.38 


6.12 


1035 


401.80 


35.70 


1007 


430.36 


7.14 


1036 


400.78 


36.72 


1008 


429.34 


8.16 


1037 


399.76 


37.74 


1009 


428.32 


9.18 


1038 


398.74 


38.76 


1010 


427.30 


10.20 


1039 


397.72 


39.78 


1011 


426.28 


11.22 


1040 


396.70 


40.80 


1012 


425.26 


12 24 


1041 


395.68 


41.82 


1013 


424.24 


13.26 


1012 


394.66 


42.84 


1014 


423.22 


14.28 


1013 


393.64 


43.86 


1015 


422.20 


15.30 


1044 


392.62 


44.88 


101G 


121.18 


1632 


1045 


391.60 


45.90 


1017 


420.16 


17.31 


1046 


390.58 


46.92 


1018 


419.14 


18.36 


1047 


3S9.56 


47.94 


1019 


418.12 


19.38 


1048 


388.51 


48.96 


1020 


417.10 


20.10 


1049 


387.52 


49.98 


1021 


41608 


21.12 


1050 


.50 


51.00 


1 022 


415.06 


22. 1 1 


1 05 1 


385.48 


52.02 


1023 


414.04 


23.46 


1052 


1.46 


53.04 


1024 


413.02 


24.48 


1053 


383.44 


54.06 


1025 


412.00 


25.50 


1 05 1 


382.42 


55.08 


1026 


410.98 


26.52 


1055 


381.40 


56.10 


1027 


409.96 


27.54 


1056 


380.38 


57.12 


1028 


408.94 


28.56 


1057 


379.36 


58.14 
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TABLE IV. 

Showing the amount of water and the quantity of solid mat- 
ter contained in one pint of urine at different densities. 



Specific 
Gravity. 


Amount of i 
water in one 
pint. 


Weijht of 
solids in 

one pint in 
grains. 


Specific 
Gravity. 


Amount of 

water in one 

pint. 


Weight of 

solids in 

one pint in 

grains. 


1000 


8750.000 




1029 


8158.400 


591.600 


1001 


8729.600 


20.400 


1030 


8138.000 


612.000 


1002 


8709.200 


40.800 


1031 


8117.600 


632.400 


1003 


8688.800 


61.200 


1032 


8097.200 


652.800 


1004 


8668.400 


81.600 


1033 


8076.800 


673.200 


1005 


8648.000 ! 


102.000 


1034 


8056.400 


693.600 


1006 


8627.600 


122.400 


1035 


8036.000 


714.000 


1007 


8607.200 


142.800 


1036 


8015.600 


734.400 


1008 


8586.800 


163.200 


1037 


7995.200 


754.800 


1009 


8566.400 


183.600 


1038 


7974.800 


775.200 


1010 


8546.000 


204.000 


1039 


7954.400 


795.600 


1011 


8525.600 


224.400 


1040 


7934.000 


816.000 


1012 


8505.200 


344.800 


1041 


7913.600 


836.400 


1013 


8484.800 


265.200 1 


1042 


7893.200 


856.800 


1014 


8464.400 


28">.600 


1043 


7872.800 


877.200 


1015 


8444.000 


306.000 


1044 


7852.400 


897.600 


1016 


8423.600 


326.400 


1045 


7832.000 


918.000 


1017 


8403.200 


346.800 


1046 


7811.600 


938.400 


1018 


8382.800 


367.200 


1017 


7791.200 


958.800 


1719 


8362.400 


387.600 


1048 


7770.800 


979.200 


1020 


8342.000 


408.000 


1049 


7750.400 


999.600 


1021 


8321.600 


428.400 j 


1050 


7730.000 


1020.000 


1022 


8301.200 


448.800 


1051 


7709.600 


1040.400 


1023 


8280.800 


469.200 ' 


1052 


7689.200 


1060.800 


1024 


8260.100 


489.600 ; 


1053 


7668.800 


1081.200 


1025 


8240.000 


510.000 


1054 


7618.400 


1101.600 


1026 


8219.600 


530.400 


1055 


7628.000 


1122.000 


1027 


8199.200 


550.800 | 


1056 


7607.600 


1142.400 


1028 


8178.800 


571.200 


1057 


7587.200 


1162.800 
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TABLE V. 

Showing the proportion of fluid and solid in 1000 grains of 
the secretion at various specific gravities. 



Specific 
Gravity. 


Amount of 

water in 1000 

grains. 


Amount of 
solids in 

J 000 
grains. 


Specific 
Gravity. 


Amount of 

water in 1000 

grains. 


Amount of 
solids in 

1000 
grains. 


100L 


997.67 


2.33 


1029 


932.43 


67.57 


1002 


995.34 


4.66 


1030 


930.10 


69.90 


1003 


993.01 


6.99 


1031 


927.77 


72.23 


1004 


990.68 


9.32 


1032 


925.44 


74.56 


1005 


988.35 


11.65 


1033 


923.11 


76.89 


1006 


986.02 


13.98 


1034 


920.78 


99.22 


1007 


983.69 


16.31 


1035 


918.45 


81.51 


1008 


981.36 


18.64 


1036 


916.12 


83.88 


1009 


979.03 


20.97 


1037 


913.79 


86.21 


1010 


976.70 


23.30 


1038 


911.46 


88.54 


1011 


974.37 


25.63 


1039 


909.13 


90.87 


1012 


972.02 


27.96 


1040 


906.80 


93.20 


1013 


969.71 


30.29 


1041 


904.47 


95.53 


1014 


967.38 


32.62 


1042 


902.14 


97.86 


1015 


965.05 


34.95 


1043 


899.81 


100.19 


1016 


962.72 


37.28 


1044 


897.48 


102.52 


1017 


960.39 


39.61 


1045 


895.15 


104.85 


1018 


958.06 


41.94 


1046 


892.82 


107.18 


1019 


955.73 


11.27 


1047 


890.49 


109.51 


1020 


953.40 


46.60 


1048 


888.16 


111.84 


1021 


951.07 


48.93 


1049 


885.83 


114.17 


1022 


948.74 


51.26 


1050 


883.50 


116.50 


1023 


946.41 


53.59 


1051 


881.17 


118.83 


1024 


944.18 


55.92 


1052 


878.84 


121.16 


1525 


941.75 


58.25 


1053 


876.51 


123.49 


1026 


939.42 


60.58 


1054 


874.18 


125.82 


1027 


937.09 


62.91 


1055 


871.85 


128.15 


1028 


934.76 


65.24 


1056 


869.52 


130.48 
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74. Having obtained then the specific gravity in the 
manner above recommended, we refer at once to Tables 3 
or 4 for instance, and we there find corresponding to it, the 
amount of solids contained either in an ounce or a pint of 
the urine, and then by a simple multiplication we can 
readily discover the actual quantity excreted in twenty- 
four hours. To illustrate this, let us suppose the urine to 
be healthy, that is of specific gravity 1020 and about 35 
fluid ounces in quantity. By looking at the tables we find 
at this density, one fluid ounce contains 20.40 grains, and 
a pint 408 grains of solids. If then we multiply 20.40 by 
35, or add to 408, the result that will be obtained by mul- 
tiplying 20.40 by 15, the surplus above a pint, the quotient 
will be the amount sought for, thus : — 

20.40 x 35 = 714) . . .,- fl 
20.40 X 15 + 408 = 714 \ S ra,ns in 3o fl< ounces ' 

Dr. Bird has constructed a Table* by which he proposes 
to calculate the amount of solids contained in a pint of 
urine by multiplying the weight of the latter by the quantity 
of solid matter found by Table V., to exist in 1000 grains, 
and these dividing by 1000. But the results obtained from 
it do not coincide with those given in the preceding Tables. 

75. In consequence, however, of the various densities of 
the different elements of the urine, of the various relative pro- 
portions in which they exist in it, and also of the foreign 
matters with which it is frequently contaminated, Tables 
thus constructed can never do more than give an approxi- 
mation to the truth. Still they are sufficient for practical 
purposes. When, therefore, greater accuracy is required, 
another mode of proceeding must be adopted, which con- 
sists in the evaporation of the urine. For this purpose 
Simon recommends us first to ascertain its specific gravity 
at the temperature of GO Farhn., and then to evaporate 
about 25 grains of it over a steam bath to the consistence 
of a thin extract in a previously weighed light porcelain 
dish or capsule, the edges of which must be perfectly even, 
so that when covered ^by a piece of glass (the weight of 
which should be known) all air may be excluded. The 

* Loc. Cit. p. 38. 
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dish with the residue thus obtained, is then to be placed in 
the vacuum of an air pump over strong sulphuric acid, and 
allowed to remain for a period of from thirty-six to forty- 
eight hours, when it is to be removed, care being taken to 
cover it directly with the piece of glass above mentioned, 
in order to prevent the dry mass which remains from ab- 
sorbing moisture from the surrounding atmosphere. The 
capsule is now to be weighed, and the increase above its 
known weight and that of the glass will represent the 
amount of solid in the quantity of urine examined. "We 
have then only to multiply this by 17^ to ascertain how 
much is contained in an ounce, and the product obtained 
multiplied by the number of ounces voided in the twenty- 
four hours will give the actual quantity, excreted in that 
time. 

76. Having now made ourselves acquainted with the 
density, and formed, with the assistance of the Table, a to- 
lerably correct idea of the amount of solid matters contained 
in the urine, our next step is to ascertain the quality of the 
secretion. This can generally be sufficiently effected for 
practical purposes, by means of heat and nitric acid. Heat 
will throw down any albumen that may be present, pro- 
vided the urine is not alkaline, and likewise the phosphates 
when in excess. The latter are distinguished from the 
former by being re-dissolved by a few drops of nitric acid. 
Heat, when raised to the boiling point, will even precipitate 
the phosphates when not increased in quantity, as has been 
observed by Dr. Rees, and more recently by Dr. Schaffner 
who explains the-circumstance by the fact that at this tem- 
perature they, that is the earthy phosphates, become de- 
composed into subphosphates which are deposited. It will 
also dissolve a deposit of the lithates, but not of lithic acid 
or of the phosphates. It also alters the unnatural colour 
given to the urine by blood and disturbs the transparency 
of the secretion by coagulating the albuminous matter. 
Nitric acid will precipitate the lithic acid if it exist in excess, 
and detect a superabundance of urea. (7S) It will throw 
down albumen, dissolve the phosphatic deposits, and also 
the lithates with the deposition of the lithic acid in a crys- 
tallized state, and detect the presence of bile by producing 
a rapid and interesting display of colours in a thin layer of 
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the urine containing it, but will not affect the purulent or 
mucus sediments. It sometimes happens, however, that 
the urine not only contains albumen, but is at the same time 
turbid from the deposit of phosphates ; and, as in this ease, 
the disappearance of the latter, when nitric acid is added, 
is frequently marked by the coagulation of the former by the 
same re-agent, it follows that an error in diagnosis would 
in consequence very frequently result, especially if, from 
the alkaline condition of the urine heat had no power in 
solidifying the albumen, were we not aware of the possi- 
bility of such an occurrence, and likewise of the best means 
of detecting it. When, therefore, urine of this description 
is presented to us, a little acetic acid should first be added; 
this will restore the transparency by dissolving the phos- 
phates, and we can then have recourse to the usual tests for 
albumen, namely heat and nitric acid. 

Again, albuminous urine may be turbid from a deposit of 
lithates, and the disappearance of these not perceptible 
owing to the coagulation of the albumen. Under such cir- 
cumstances the best plan to be adopted is to place some of 
the urine in a conical glass vessel for the sediment to sub- 
side ; we can then pour from it the supernatant fluid and 
apply the several tests to each. 

To discover the proportion of the various natural con- 
stituents of the secretion, and the nature of any abnormal 
ingredients that may be contained in it recourse must be 
had to a more elaborate process. 

77. We have seen that healthy urine is composed of 
certain organic and inorganic elements, and that in disease 
it frequently becomes impregnated with others. I propose, 
therefore, to consider the whole analytically under two 
heads : 1st. The normal and abnormal Organic Elements, 
and 2dly. The normal and abnormal Inorganic Elements. 

1. Organic Elements. 
(A) Normal. 

78. Urea. — To detect an excess of urea, (34.) Pour a 
small quantity of the suspected urine into a watch-glass, and 
gradually add to it an equal volume of nitric acid. Slight 
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effervescence first takes place and afterwards a crystalline 
deposit of nitrate of urea. The rapidity of the crystalliza- 
tion being in proportion to the amount of the urea. This 
operation requires the mixture to be kept at a low tempera- 
ture. 

When it is desirous to know the exact quantity of urea 
we must adopt one or other of the following processes. 

79. I. Dr. Prout recommends us to evaporate the urine 
to the consistence of a thick syrup and then add to it when 
cold, concentrated nitric acid until it becomes a crystallized 
mass of a dark colour. This is then to be repeatedly 
washed with distilled water and the acid neutralized with a 
solution of carbonate of potash or soda. The nitrate thus 
formed must be removed by crystallization, and the super- 
natant liquor, containing the urea and a portion of the 
nitrate, made into a paste with powdered charcoal and 
allowed to remain for a few hours. Distilled water is then 
to be added to it, to dissolve the urea and nitrate, and the 
solution, after having been filtered, evaporated to dryness. 
If the residuum thus obtained is now heated with boiling 
alcohol, the urea will be dissolved away from the nitrate of 
potash or soda, and can be obtained 'from the alcoholic 
solution almost in a state of purity by evaporation and crys- 
tallization.* 

II. Or the nitric acid may be saturated with carbonate of 
lead, and the alcoholic solution afterwards obtained as 
above, and heated with sulphuretted hydrogen and animal 
charcoal to remove any remaining particles of lead and 
colouring matter. The urea will thus be obtained in a 
crystallized form, and nearly pure by subsequent solution 
and evaporation. 

III. Evaporate fresh urine in a water bath to about l-12th 
or l-14th of its volume, allow it to cool, and then filter; to 
the residue of every pint of urine employed, add slowly, 
with continual agitation, a solution of half an ounce of 
oxalic acid in twice its weight of hot water, and an abun- 
dant buff-coloured precipitate of oxalate of urea will be the 
result. Collect this on a calico filter, wash it with a cold 
solution of oxalic acid and separate the mother water by 

* Med. Chir. Trans, vol. viii. 
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pressure. Then dissolve it in hot water in a large vessel 
and neutralize the acid by means of chalk ; filter the solu- 
tion so as to remove the oxalate of lime, and digest it with 
animal charcoal, again filter and evaporate. Brown coloured 
crystals of urea will then be obtained and can be procured 
perfectly colourless and inodorous by repeated solution in 
warm water and digestion with animal charcoal.* 

IV. Evaporate the urine to the consistence of syrup, 
taking care that the temperature be not raised too high so as 
to decompose the urea ; then for every pint of urine em- 
ployed add to it about five ounces of alcohol, which will 
take up the urea, the extractive and colouring matters, and 
leave the lithic acid and its compounds, together with the 
various alkaline and earthy salts behind. Separate these by 
nitration, and wash them with alcohol to remove any re- 
maining portion of urea. Mix the two solutions, evaporate 
them to a syrupy consistence, and then treat the residue 
with an equal weight of pure nitric acid, when the nitrate 
of urea will be formed in such abundance as to constitute a 
solid crystalline mass, containing an excess of nitric acid, 
the organic matters, and a portion of the mother water. 
From these it must be separated by squeezing it in a fine 
linen cloth, and frequently rinsing it while contained in the 
latter in ice-cold water. It is then to be compressed be- 
tween sheets of blotting paper, dried by a gentle heat and 
weighed. The nitrate of urea thus obtained is slightly 
coloured and contains a certain portion of organic matter, 
while the weight of urea present in it may be ascertained 
from its composition. (Lecanu.) 

V. Berzelius's method consists in evaporating the urine 
to dryness over a water bath and treating the solid mass 
with alcohol in order to separate those matters soluble in 
it. The alcoholic solution thus obtained is then submitted 
to distillation and the yellow residue dissolved in a little 
water and digested with animal charcoal. The liquor is 
then fdtered, heated to 122 degs. and saturated with oxalic 
acid ; oxalate of urea is formed which becomes deposited 
in colourless crystals as the solution cools. The mother 
water must be evaporated, and a fresh portion of oxalic 

* Graham's Chemistry, p. 993. 
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acid added to it, in order to obtain more crystals of the 
oxalate of urea. The whole of the crystals are now to be 
washed in ice-cold water and afterwards dissolved in boil- 
ing water mixed with a little animal charcoal. This is 
then to be separated by filtration, and the liquor saturated 
with carbonate of lime ; effervescence takes place, oxalate 
of lime is precipitated, and the urea remains in solution 
from which it is to be procured by evaporation. It may be 
obtained perfectly free from impurities by repeated solution 
in pure anhydrous alcohol and distillation. 

VI. Mix the urine with basic acetate of lead, and add 
sufficient sulphuric acid to convert the acetates into sul- 
phates. Then filter the solution through animal charcoal, 
evaporate it, and tolerably pure crystals of urea will be 
obtained. (0. Henry). 

VII. Ragsky proposes to determine the amount of urea 
from the products of its decomposition. For this purpose 
he mixes in a flask one part of urine with three or four of 
strong sulphuric acid, and raises the temperature of the 
mixture to nearly 572 degs. The urea begins to be de- 
composed at 383 degs. Carbonic acid gas is disengaged 
and is evolved in great abundance at 393 degs.. while the 
ammonia, which is also formed, unites with the sulphuric 
acid. He then determines the amount of ammonia in the 
form of the ammonio-chloride of platinum, from which he 
afterwards calculates the quantity of urea. By this process 
he found that 4.03 grains of urea yielded 29.8 grains of 
ammonio-chloride of platinum which corresponds to 4.01 
grains of urea ; and that 4.84 grains of urea yielded 35.7 
grains of the double platinous salt corresponding to 4.81 
grains of urea.* 

VIII. Heintz also recommends a similar process. It is as 
follows : " A weighed quantity of urine, 6.8 grammes, is 
treated with about thirty drops of muriatic acid, and set 
aside in a cool place for twenty-four hours, then filtered 
through a very small filter into a large platinum or porcelain 
crucible ; the filter and glass are washed with a small quan- 
tity of water ; the filtrate is treated, with about six grammes 
of sulphuric acid, and the liquid evaporated over a small 

* Liebig's and Wohler's Annalen for October, 1845. 
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spirit-lamp, taking care that it does not boil, until the evo- 
lution of carbonic acid commences. The crucible is then 
covered with a watch glass and heated until the evolution 
of carbonic acid ceases, the temperature not being allowed 
to exceed 180 degs. The contents of the crucible are then 
filtered into a porcelain dish, the crucible and the watch 
glass are well washed, and the filtrate is evaporated until 
almost all the water is passed off. About twenty drops of 
muriatic acid are then added to the residue, a sufficient 
quantity of chloride of platinum and alcohol mixed with 
ether being then added, if the liquid from which the pre- 
cipitate has subsided is of a very pale colour, more chloride 
of platinum must be added. After 8.10 hours the pre- 
cipitate is separated by filtration, washed, dried, and heated 
to redness in a crucible, which is at first covered, but sub- 
sequently open. The residue is treated with boiling dilute 
muriatic acid, the solution filtered, and this is repeated until 
the liquid which drops from the filter leaves no residue 
when evaporated upon platinum-foil; the crucible and filter 
are dried at a gentle heat ; the latter is burnt in the former 
and weighed. Thus the amount of platinum, which cor- 
responds to that of the potash, ammonia, and urea, is ob- 
tained. 

Another weighed quantity of the fresh urine is treated 
once with chloride of platinum, three volumes of alcohol, 
and one of ether; at the end of ten or twelve hours the 
mixture is filtered, and the precipitate heated to redness 
in a well-covered and weighed platinum crucible. The 
residue is treated as above with dilute muriatic acid, the 
filter is burned and weighed. We thus obtain the weight 
of platinum which corresponds to the potash and ammonia 
contained in the urine ; its per-centage is calculated and 
then deducted from that obtained in the first experiment ; 
the difference gives the amount of platinum which cor- 
responds to the urea."* 

80. The urea, as we have seen, (34), is also liable to be 
deficient in quantity, both absolutely and relatively. When 
there is an absolute deficiency, it may take place in common 
with a diminution of the other solid constituents of the 

* Chemical Gazette, vol. iv. p.p. 12, 20. 
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urine, and of the water ; or of the solid constituents alone, 
the amount of water remaining normal. In both these 
cases the actual decrease can only be ascertained by one or 
other of the preceding processes, (79). When a deficiency 
of urea is suspected, it has been recommended to evaporate 
the urine to about one-half, and then to add to a portion 
thus concentrated and placed in a watch glass, an equal 
quantity of strong nitric acid or a saturated solution of oxalic 
acid ; when, if no crystallization takes place, the urea is 
to be considered as deficient. It is obvious, however, that 
this method cannot be relied upon ; the detection of any 
deficiency requiring in fact, as Dr. Prout has stated, " a 
more elaborate process." 

81. Should albumen be present in large quantities in the 
urine it must be previously thrown down by means of 
alcohol, collected on a filter, and washed with the spirit. 
The washings are then to be mixed with the alcoholic so- 
lution obtained as above directed, and from which the urea 
is to be procured. M. Heintz's method consists in boiling 
a carefully weighed portion of the albuminous urine with 
the bichloride of mercury in a large open dish, collecting 
the precipitate that is formed on a filter, breaking it up and 
washing it with water. Then passing a stream of sulphu- 
retted hydrogen slowly through the filtered liquid, and re- 
moving from it by filtration, the sulphuret of mercury that 
is produced. The filtrate is now to be evaporated mixed 
with sulphuric acid, until the whole of the urea is decom- 
posed, which may be known by the cessation of effervescence 
as pointed out by Ragsky, and the fluid which remains, 
treated, as already described (viii.) It now remains to 
calculate the amount of potash and ammonia. This is done 
by throwing down the albumen from a second portion of 
the urine, (also weighed), by means of bichloride of mer- 
cury, and heating the filtered fluid with bichloride of pla- 
tinum and ether, when the quantity of platinum obtained 
from the precipitate will indicate the proportion of the 
alkalies. This method is applicable to urine containing 
blood, milk, or bile, and in the opinion of Heintz, even to 
Diabetic urine. 

Dr. Griffith recommends the alcoholic solution of the 
residue that is left on evaporating albuminous urine to dry- 
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ness, to be evaporated, and the extract dissolved in distilled 
water, the solution then reduced to the consistence of syrup 
and mixed with half its bulk of pure nitric acid. The for- 
mation of crystals of the nitrate having been promoted by 
placing the mixture in ice, the supernatant liquid is to be 
poured off, and the crystals then washed in ice-cold water, 
and subsequently dried in an open steam bath. 

81.* To obtain the urea from Diabetic urine M. Bou- 
chardat proceeds by taking the residue left after the evapo- 
ration and crystallization of the urine, and dividing it into 
several portions, and treating each successively with alco- 
holated sulphuric ether. He then mixes the several solu- 
tions, evaporates them at a gentle heat, and dissolves the 
residue in a sufficient quantity of water, from which, when 
filtered, and a few drops of weak nitric acid have been 
added, he obtains the urea in the form of nitrate.* Dr. 
Christison merely evaporates the urine quickly over a steam 
bath at a temperature of about 200 Fain, to about one-sixth 
of its volume, then adds to this one-fourth of its amount of 
pure nitric acid diluted with an equal weight of water, and 
exposes the mixture to a moderate degree of cold. Some 
have recommended to previously destroy the sugar by fer- 
mentation, but it is doubtful whether the transformation of 
the urea into carbonate of ammonia is not more likely by 
this process to be occasioned. 

82. Urea may be artificially prepared by well mixing 
twenty-eight parts of dry ferrocyanuret of potassium with 
fourteen of peroxide of manganese both in fine powder and 
heating the mixture, placed on a smooth iron plate to a 
dull red heat, at which temperature it inflames, and must be 
kept stirred so as to allow of a free access of air and pre- 
vent agglutination. When cold the mass is to be treated 
by repeated portions of water, and twenty and a half parts 
of sulphate of ammonia, are to be added to the solution, 
from which a copious deposit of sulphate of "potash then 
takes place. The supernatant liquor containing the cyanate 
of ammonia must afterwards be decanted off and evaporated 
in order to separate still more of the sulphate, and this pro- 
cess repeated until the whole of it is removed, when the last 

* Loc. Cit. 
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decanted liquor is to be evaporated to dryness, and boiling 
alcohol of from eighty to ninety per cent added to the re- 
sidue. This takes up the urea, which is obtained as the 
solution cools, or by evaporation, in beautiful colourless 
crystals. One pound of ferrocyanuret of potassium will 
yield about four ounces of urea. 

83. Lithic Jicid. This is frequently met with in the urine 
in the form of a crystalline deposit, varying in colour from 
a light fawn to a deep brown or brownish red, which is 
owing either to its being in excess (44,45,) and consequently 
no longer entirely retained in solution, when the fluid cools, 
by the double phosphate of soda and ammonia, (41,) or to 
the presence in the secretion of some free acid, (45,) by 
which the lithate of ammonia becomes decomposed. 

84. To ascertain w T hether a particular deposit be lithic 
acid, place the urine in a tall conical glass vessel, and 
when it has stood some time, and the sediment has sub- 
sided, decant nearly the whole of the supernatent liquor and 
pour a small quantity of the turbid remainder, containing the 
deposit, into a watch glass. Then if uric acid be present it 
will be known by its remaining undissolved when the urine 
is heated over a spirit lamp ; by being precipitated in com- 
bination with ammonia from its solution in liquor potassae 
by hydrochlorate of ammonia; by its not being acted on 
either by hydrochloric or acetic acid ; by its being soluble 
in nitric acid with the disengagement of equal volumes of 
nitrogen and carbonic acid gases, and also in sulphuric acid 
from which it is again precipitated by water; by the pink 
coloured residue (the erythric acid of Brugnatelli,) left after 
the evaporation of the acid solution, being changed to a 
beautiful purple when exposed to the vapours of ammonia, 
owing to the formation of murexid, and lastly by its yielding 
urea and evolving an odour of prussic acid when burnt, and 
leaving a white substance composed principally of phos- 
phate of soda and lime. 

85. When examined under the microscope uric acid is 
seen to crystallize in rhomboidal prisms, or in some modifi- 
cation of tli is form ; the particular shape of the crystals ap- 
pearing to depend on the rapidity of their crystallization, on 
the quantity of colouring matter contained in them, and on 
the nature of the precipitating agent. The forms most fre- 
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quently observed are the rhomboid and the quadrilateral 
tables, which, in some cases appear nucleated by being 
marked all round at a short distance from their borders. 
Occasionally, however, we meet with them of a spindle 
shape, at other times they appear like so many flattened cy- 
linders which are in reality " thick lozenges lying on their 
sides,'' (Bird) and require to be made to roll over, either 
by agitation or by the addition of a few drops of alcohol, in 
order that their true shape may be detected. Sometimes, 
when the urine is very acid for instance, the surface of the 
quadrilateral tables are either entirely or partially covered 
with numerous dark straight lines, their extremities, in con- 
sequence, having a serrated appearance. In those cases 
where they are only partially striated, the plane part fre- 
quently presents two concentric lines placed with their con- 
vexities towards each other. Or the striae may be so 
arranged as to leave between them two clear triangular 
spots united at their apices. When the deposit is of a deep 
orange or red colour, the crystals are generally found ad- 
hering together in clusters having the appearance either of 
thick rhombic prisms collected together in bundles, or placed 
across or parallel to each other ; or of spinous or striated 
masses of cohering lozenges. 

o o ... 

86. Before examining the deposit it is however always 
better to previously dissolve the urate of ammonia with 
which it is frequently combined, by heating the urine and 
then to remove the latter with a pipette and replace it with 
a little distilled water. 

87. To detect an excess of uric acid (41, 44, 45,) for a 
deposit is no proof of it, Dr. Bird recommends the whole 
of the urine voided in twenty-four hours to be collected and 
well shaken, and about an ounce of it gently warmed and 
mixed in a conical glass vessel with about half a drachm of 
hydrochloric acid. By allowing the mixture to stand for 
six or eight hours, the sides of the glass will become 
covered with a copious deposit of crystals of uric acid. 
The urine is now to be poured off and replaced by cold 
distilled water, and the crystals detached with a feather or 
a spatula, and collected at the bottom of the vessel. The 
water is then to be decanted and the acid placed in a watch 
glass, the weight of which is known, dried and weighed. 

6 
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This process also enables us to ascertain, by simple multi- 
plication, the actual quantity excreted in the twenty-four 
hours ; but as hippuric acid is obtained at the same time 
it should be removed by means of boiling alcohol previous 
to drying the precipitate in order to avoid error in calcula- 
tion. (51.) 

An excess of lithic acid, when it does not constitute a 
deposit, as is sometimes the case, can also be detected by 
nitric acid, when added to a high coloured urine, producing 
a brown precipitate possessed of the preceding chemical 
and microscopic properties. 

88. The amount of lithic acid contained in the urine may 
also be discovered by proceeding as for urea, viz. by eva- 
porating the secretion to the consistence of syrup, and then 
treating it with alcohol. This will throw down the uric 
acid in combination with some of the colouring and animal 
matters and the alkaline and earthy salts. The supernatant 
liquor containing the urea and hippuric acid in solution, is 
then to be poured off' and the precipitate washed with alco- 
hol and allowed to dry. Cold hydrochloric acid is after- 
wards added to dissolve the saline matters and decompose 
the urates, when the uric acid will be left tolerably pure, 
and requires only to be dried and weighed. 

In having recourse to this test it is necessary that the 
urine should be perfectly limpid, that is, free from viscidity, 
for if any mucus for instance, be present it will prevent the 
uric acid from being precipitated ; therefore when it is not 
so, it had always better be previously filtered. 

89. Another mode consists in taking the residue, (com- 
posed of lithic acid, and vesical mucus, the extractive and 
colouring matters, the alkaline and earthy phosphates, and 
silex,) that is left when alcohol is added to the urine re- 
duced to a syrupy consistence, for the purpose of separating 
the urea, and washing it with water in order to remove the 
alkaline salts, then drying and weighing it and afterwards 
incinerating it in a platinum or porcelain capsule. By this 
means we get rid of the organic matters, viz. the uric acid 
and mucus, and obtain as a residue, the earthy phosphates 
in combination with silex if any be present in the urine. 
We have now only to weigh this when we at once ascertain 
the quantity of uric acid and vesical mucus, by the loss 
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that has been sustained by incineration. The mucus, 
however, being as we have seen, (64) in such exceedingly 
minute proportion, may be neglected in the calculation. 

90. Urate of Ammonia. — Deposits of this substance 
never occur in the urine in a crystallized form, therefore are 
not likely to be confounded with uric acid, (85) but gene- 
rally in an amorphous state, of a yellow, red, pink, or pur- 
ple colour, and sometimes nearly white. Occasionally, 
however, they have a ropy appearance, and are dispersed 
through the fluid like mucus or muco-pus (47a.) They are 
known by being dissolved on the application of heat and 
by the addition of a solution of ammonia or potash. The 
hydrochloric and acetic acid, also dissolve them with de- 
composition setting free the uric acid which becomes 
deposited, and may be recognized by its various chemical 
and microscopic properties above described. (85.) 

91. They not unfrequently exist in combination with the 
lithate of soda and occasionally also with that of lime. 
When this is the case the deposit is not entirely dissipated 
by heat, the soda and lime remaining behind as a white ash 
at the bottom of the capsule, when they may be detected by 
the usual tests. Thus by adding to their solution in hydro- 
chloric acid a little oxalate of ammonia, the lime if present 
becomes precipitated as an insoluble oxalate, and the super- 
natant liquid will yield on evaporation crystals of chloride 
of sodium (common salt) if it contain soda. Moreover soda 
gives a rich yellow colour, and lime a dull brown to the 
flame of a blow-pipe. 

92. A positive proof of a deposit consisting of lithate of 
ammonia is its disappearing when the urine is heated, and 
its being replaced by crystals of uric acid when a few drops 
of acetic acid are added to it in a watch-glass. It occa- 
sionally happens, as when the lithate is mixed either with 
the earthy phosphates or with mucus, that the urine does 
not become perfectly transparent by heat. If this be owing 
to the presence of the phosphates they will be dissolved by 
acetic or hydrochloric acid, but if to mucus no such change 
will take place. In order to avoid error from the latter in- 
gredient, the urine ought always to be filtered before it is 
warmed. It also sometimes occurs that the urine after it 
has been rendered clear by being submitted to a gentle heat, 
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becomes again turbid by the further application of heat. 
This is owing to the presence of albumen. 

93. To determine its quantity, collect the whole of the 
urine of twenty-four hours, ascertain its specific gravity and 
divide it into two portions. Evaporate the one in order to 
obtain tbe amount of solid constituents, and collect the 
sediment from the other; mixed, as the case may be, with 
lithic acid, the earthy phosphates or mucus on a filter, the 
weight of which is known. Wash it in ice cold water, dry 
and weigh it, and its proportion to the solid matters and to 
the urine will be obtained. Then place it in a test tube 
and boil it with a little of the urine. Afterwards filter it, 
wash the residue with hot water and stand the clear fluid 
that passes through in a freezing mixture, to promote the 
separation of the lithate. When this has taken place it can 
be collected, dried, and weighed, and its absolute and rela- 
tive proportion ascertained. 

94. The most frequent appearance presented by lithate 
of ammonia under the microscope is that of very small 
globules arranged together in rows. Occasionally, how- 
ever, particularly in albuminous urine, the globules are con- 
siderably larger, and distinct, some of them having sharp or 
obtuse processes attached to them. Both varieties are 
generally mixed with crystals of uric acid. 

95. Hippuric acid. I have already alluded to two modes 
by which hippuric acid may be obtained (87, 88.) Another, 
that recommended by Liebig, consists in evaporating the 
urine in a water-bath to the consistence of syrup, then mix- 
ing it with hydrochloric acid, and agitating it with its own 
volume of ether. This will, in all probability, remain en- 
closed by the fluid like froth, and require to be separated 
after a short time, by the addition of one-twentielh of its 
volume of alcohol, which will at the same time remove the 
froth and cause a separation of the fluid into two layers. 
The upper layer containing the hippuric acid and urea in 
solution, must now be removed with a pipette and treated 
with several small portions of water, in order to wash away 
the alcohol and urea and leave the hippuric acid dissolved 
in the ether. By then evaporating the etherial solution, the 
acid will be obtained in the crystallized form.* From this 

* Lancet for June 1, 1844. 
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statement we should suppose hippuric acid to be soluble in 
ether, but we have already seen that this is not the case, or 
at least to a very slight extent only. (84.) 

The best method for detecting this acid is to add to the 
urine, reduced to the consistence of syrup, an excess of 
hydrochloric acid. By this means the hippuric acid will be 
thrown down together with the lithic, from which, after some 
little time, when the supernatant liquor has been poured off', 
it can be separated by boiling the precipitate in alcohol, in 
which lithic acid is insoluble. The alcoholic solution thus 
obtained, will then yield on evaporation, crystals of hippuric 
acid, to be recognized by their chemical and microscopic 
characters already described (51.) 

96. Dr. Day recommends the following process: "Evapo- 
rate the urine till there is a copious deposition of salts. 
Add strong alcohol and place the mixture in a stoppered 
bottle. With the aid of a gentle heat (for instance, by 
placing the bottle in warm water,) we ensure the solution 
of the urea, the lactates, (if any are present,) and the hip- 
purates in the alcohol, whilst the urates remain with the in- 
soluble constituents. When the supernatant fluid is per- 
fectly clear it must be decanted, evaporated nearly to dry- 
ness, and re-dissolved in hot water. If a stream of hot 
water be passed through the aqueous solution, the urea is 
destroyed ; and, by gradual concentration, and the addition 
of a little free mineral acid, we obtain crystals of hippuric 
acid. 

97. When an excess of hippuric acid is suspected in the 
urine, place some of the latter in a large watch-glass, and 
evaporate it nearly to dryness over a spirit lamp, then add 
about half its bulk of hydrochloric acid which will cause the 
mixture to assume a bright pink colour, and give off a 
powerful odour somewhat similar to that of new hay. Set 
the mixture aside, and after a few hours, provided the acid 
is in excess, crystals of a peculiar linear shape will make 
their appearance." (Bird.) 

In order to purify hippuric acid Dr. A. Bensch has re- 
course to the following process. Having precipitated the 
acid from the urine by means of hydrochloric acid, he col- 
lects it on a strainer, well presses it, and treats it with ten 
times its weight of boiling water and an excess of milk of 
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lime. He then filters the mixture, presses the precipitate, 
treats the fluid with a solution of alum as long as it has any- 
alkaline reaction, allows it to cool to 104 degrees Farnh., 
saturates with a solution of bi-carbonate of soda, again 
strains and presses, and lastly adds hydrochloric acid to 
throw down the hippuric. This is afterwards washed, 
pressed, and dissolved in boiling water : an ounce of animal 
charcoal is then added to every pound of the moist acid, 
and the boiling liquid filtered through paper, when perfectly 
white hippuric acid will be obtained.* 

(B.) Abnormal. 

a. Crystalline. 

98. Uric or Xanthic Oxide, (66,) has been but very rarely 
met with. It has a great resemblance to uric acid which 
is very liable to be mistaken for it. When, therefore, its 
presence is suspected in a deposit, Dr. Bird recommends 
the latter to be treated with a weak solution of carbonate of 
potash, which will separate the uric acid and leave the 
oxide undissolved. The principal features by which it is 
distinguished are the fleshy colour of its external surface ; 
the brownish-red, or cinnamon hue it presents when broken; 
the waxy appearance it assumes on being rubbed, and also 
its different actions towards various reagents. Thus it dis- 
solves but slowly in nitric acid and without effervescence, 
and leaves a yclloio, not a pink residue like uric acid (36,) 
on the evaporation of the acid solution. It is not precipi- 
tated by water from its solution in strong sulphuric acid, nor 
from its solution in liquor potassce by hydrochlorate of am- 
monia. It is insoluble in a solution of carbonate of potash 
and yields no urea or bitter almond odour like lithic acid 
when burnt. When examined under the microscope it has 
not been found to have any distinct crystalline form, even 
when precipitated from its solution in liquor potassae. 

99. Oxalate of Lime, (66.) Crystalline deposits of this 
substance were formerly supposed to be of exceedingly rare 
occurrence, but this has been entirely disproved by the late 

* Chem. Gaz. for Nov. 1G, 1846. 
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researches of Dr. Bird,* who, from his experience, is led to 
the conviction that "in the cases of disease occurring in the 
metropolis, the oxalate is of far more frequent occurrence in 
the urine than the deposits of earthy phosphates," an opinion 
which is fully corroborated by Dr. Shearman of Rotherham, 
who states as the result of his observation, that, next to the 
urates, small quantities of the oxalate are most commonly 
met with in the secretion. f 

It appears to be intimately connected with that particular 
state of the system characterized by great nervous irritability. 
The urine in these cases has its natural amber colour, but 
is generally somewhat darker than in health, and has only 
been met with by Dr. Bird of the citron yellow or greenish 
hue described by Dr. Prout as being peculiar to the oxalic 
acid diathesis, when blood corpuscles have been present in 
the secretion. It is likewise acid in the great majority of 
instances, and subject to very great variation in its specific 
gravity. Thus it has been observed by Dr. Bird as low as 
1.009 and as high as 1.030. " It increases with the quantity 
of urea" of which the urine, generally in these cases, con- 
tains an excess, sometimes even to a very considerable 
extent, so that crystallization takes place immediately nitric 
acid is added ; the abundance and size of the crystals of the 
oxalate appearing also to be in a direct ratio with its 
amount. It may, however, be said to range generally 
speaking, between 1.015 and 1.025. 

I have already alluded (66) to the various sources to 
which the existence of oxalate of lime in the urine is to be 
ascribed, namely, slight deoxidation of the elements of urea 
and water, oxidation of uric acid, certain articles of food, 
and the mal-assimilation of saccharine matters. With re- 
ference to the last, and considering the great importance of 
the subject, the following interesting remarks may with con- 
siderable advantage be quoted from our great authority on 
Oxaluria, Dr. Bird. " It is scarcely possible," says hot " to 
avoid being impressed with the very probable physiological 
relation between oxalic acid and sugar : we know that the 



* See Med. Gaz. for 1842. 
f Urinary Deposits, p. 1G5. 
\ Loc. Cit. p. 175. 
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latter substance forms a considerable item in our list of ali- 
ments ; we know that the great majority of farinaceous 
matters are partially converted into this element during the 
act of digestion.* It is indisputable that, under certain cir- 
cumstances, it finds its way into the blood, and is elimi- 
nated by the kidneys ; even when artificially introduced it 
is thus thrown out of the system. I have in my possession 
fine crystals of sugar prepared by my friend, Dr. Percy of 
Birmingham, from the urine of a dog, into whose veins he 
had previously injected a solution of that substance. Lastly, 
we know that, under certain morbid influences, the great 
proportion of our food may, whilst in the stomach, become 
converted into sugar, which becoming absorbed, rapidly 
passes through the circulation, and is thrown out of the 
system by the kidneys as an effete matter, with the effect of 
producing more or less rapid emaciation, and in most cases 
leading to fatal marasmus. Dr. Aldridgej of Dublin, has 
even lately suggested the probability of a substance analo- 
gous to sugar, [59] capable of undergoing acetous fer- 
mentation, being a normal element of the urine. Then, re- 
collecting the facility with which sugar and its chemical 
allies, as starch, gum, and wood fibre, are, under the influ- 
ence of oxydizing agents, converted into oxalic acid, and 
having sufficient amount of evidence to prove that when ox- 
alic acid is really found in the urine, symptoms bearing no 
distant relation to those of a diabetic character are met with, 
we are almost inevitably led to draw the induction that the ox- 
alate of lime found in the secretion owes its origin to sugar, 
and to locate the Jons et origo mali in the digestive organs. 
This appears to be nearly the view adopted by that very ex- 
cellent authority in these matters, Dr. Prout." And he 
goes on to state that his experience has led him " to the 
following conclusions regarding the circumstances under 
which the oxalate of lime occurs in the urine. 

i. That in the urine under examination oxalate of lime is 
present, diffused through a fluid, and in a crystalline form. 

* Gmelin and Tiedemann, Reeherchps experimental es sur la Di- 
gestion- — Paris, 1827, p. 202. [Also Papers, by the Author, in the 
Med. Times vol.xv. from the French of M. Bonchardat relative to 
this subject.] 

| Lectures on Urine. 
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ii. That in rather more than one-third of the cases, uric 
acid or urates existed in large excess, forming the greater 
bulk of the existing deposit. 

in. That in all, there exists a greater proportion of urea 
than in natural and healthy urine of the same density ; and 
in nearly 30 per cent of the cases so large a quantity of urea 
was present, that the fluid crystallized into a nearly solid 
mass on the addition of nitric acid. 

iv. That the urate of ammonia found in the deposits of 
oxalic urine is occasionally tinted of a pink hue. 

v. That an excess of phosphates frequently accompanies 
the oxalate. 

vi. That the existence of free sugar in the specimens I 
have examined, is the exception to the rule." 

100. Deposits of oxalate of lime, independent of nu- 
merous epithelial scales with which they are almost always 
found combined, generally occur alone in the urine. They 
have, however, been sometimes found mixed with lithic 
acid and lithate of ammonia, and occasionally with the 
triple phosphate. 

101. In order to detect the presence of this salt in the 
urine, a portion of the latter, passed a few hours after a 
meal, is recommended by Dr. Bird to be set aside in a tall 
glass vessel for a short time, the upper 67-ths then poured 
off" and a little of the remainder placed in a watch glass and 
gently heated over a spirit lamp so as to dissolve any urate 
of ammonia that may have become deposited (a circum- 
stance of frequent occurrence in winter,) and to promote the 
subsidence of the crystals of the oxalate, which have the 
very remarkably tendency to remain diffused through the 
urine, even when present in it in considerable quantity. 
By then giving the fluid a slight rotatory motion, they will 
be collected together at the bottom of the capsule. The 
urine is now to be almost entirely removed from them with 
a pipette and replaced with a little distilled water, when a 
white, often brilliant powder will make its appearance, 
which with the aid of a microscope, furnished with a half- 
inch object glass, will be seen to consist of transparent, 
well denned, octahedral crystals of oxalate of lime. Exa- 
mined when dry, they are found to have a quadrilateral 
shape, and appear to be composed of two squares, one 
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within the other, the central one being transparent and the 
outer one dark, and so arranged that the sides of the former 
correspond to the angles of the latter. Sometimes they are 
somewhat of a dumb-bell shape, or resemble that presented 
by two kidneys united together at their fissures. 

102. Deposits of oxalate of lime may also be recognized 
by their solubility in the nitric and hydrochloric acids ; by 
their remaining undissolved when boiled in liquor potassse 
or acetic acid ; by yielding on incineration first carbonate 
of lime and afterwards the oxide of the metal, and by their 
being decomposed when boiled in a solution of carbonate 
of potash, with the formation of carbonate of lime and oxa- 
late of potash ; the former being precipitated while the 
latter remains in solution. 

108. Cystic oxide or Cystine, (66), constitutes rather a 
rare deposit. In the opinions of Drs. Prout and Bird, it is 
to be met with in the urine more frequently than has been 
imagined. When present in the urine, the latter is always 
turbid when passed, and lets fall a very abundant sediment. 
It is of a pale or greenish-yellow, or honey colour, and gene- 
rally somewhat reduced in specific gravity. When fresh, 
it has, in the greater number of cases, no reaction on test 
paper, occasionally, however, it is acid, and if kept, soon 
becomes alkaline. Its odour on emission resembles that of 
sweet-briar, and assumes a peculiar foetid character when 
putrefaction takes place, owing probably to the disengage- 
ment of sulphuretted hydrogen. On standing it also 
becomes coated with a gray looking pellicle, which has 
been found to consist of crystals of the substance under ex- 
amination and the triple phosphate. 

104. Deposits of crystine are characterized by the follow- 
ing properties. They are of a pale or light fawn colour ; 
are not affected by heating the urine ; are insoluble in alco- 
hol ; but slowly dissolved by nitric or hydrochloric acid, 
which readily distinguish them from the lithates (90) and 
phosphates, (153 to 156), are decomposed by an excess of 
the former, a brown residue being left. They are also 
soluble in the sulphuric, phosphoric, and acetic acids, in 
solutions of the volatile and of the fixed alkalies, and also 
of the carbonates of the latter, but not in the carbonate of 
ammonia or in the vegetable acids. When burnt they give 
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a greenish blue tint to the flame, and emit a disagreeable 
acid but characteristic odour. 

105. To examine the microscopical characters of cystine, 
first remove any lithate of ammonia that may be present by 
boiling the sediment in water, and afterwards dissolve the 
oxide in a little liquor ammonia?, and allow the ammonia- 
cal solution to slowly evaporate on a slip of glass ; then 
place this under the field of the microscope, and crystals 
will be observed, either of a well-defined hexagono-lami- 
nated shape, perfectly transparent or with opaque centres ; 
or in round masses, dark in the centre, with serrated or 
notched borders resembling rosettes, and numerous markings 
on their surface, an appearance which seems to be due to 
several plates having become placed one above the other. 
Or the compound deposit, consisting of a mixture of cys- 
tine with either the urates or the phosphates, may be treated 
at the onset with a little liquor ammonia?, the cystic solu- 
tion then evaporated, and the residue examined under the 
microscope. 

b. Organized. 

106. Blood. — The presence of blood in the urine is 
owing, as we have seen, (66a), to very various causes, 
and is sometimes so abundant as to give it a dark red, or 
port-wine, or even black appearance ; while in others it 
exists in such a minute proportion as to be almost imper- 
ceptible. Its existence in large quantities in the urine may 
be suspected from the dark colour just alluded to of the 
latter; from the large black masses resembling coagula, 
contained in the secretion ; and, together with these, from 
the alkaline reaction of the urine on test paper. In those 
cases where the blood is less abundant, the urine instead of 
assuming the dark colour above-mentioned, has a dirty 
aspect, is without coagula, and lets fall a reddish sediment. 

107. When urine, contaminated with blood, is boiled, 
it becomes turbid, owing to the coagulation of the albumen, 
and changed to a dirty brown colour, and, when nitric acid 
is added to it, deposits an albuminous precipitate, more or 
less copious in proportion to the quantity of blood present 
in it. 

108. To detect its presence, one or other of the follow- 
ing processes may be resorted to : 
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I. Boil the urine, previously saturated with nitric acid, if 
it be alkaline, collect the coagulum that is formed, on a 
filter and treat it with alcohol, acidulated with sulphuric 
acid in order to remove its colouring principle. Evaporate 
the brown coloured liquid thus obtained, and which is 
changed to a bright red on the addition of ammonia, and 
the colouring matter will collect on the surface as a black 
resinous looking mass, soluble in acetic ether and' ammo- 
niated alcohol. To the latter fluid it communicates a red 
colour, which is converted to a yellow by hydrochloric acid ; 
a blue precipitate being also subsequently formed when 
ferrocyanate of potash is added to the yellow solution, 
(Lecanu). 

II. Boil the urine, collect the coagula on a filter, and 
pour over them liquor potassae ; add hydrochloric acid to 
the greenish fluid that passes through, and white coagula 
consisting of protein will be formed (Pariset Journal de 
Chimie, 1840, p. 68.) 

109. The most speedy and certain mode, however, of 
ascertaining the presence of blood in the urine is by means 
of the microscope. Place a little of the suspected dark 
coloured urine in a watch glass under the field of this instru- 
ment, and if blood be present it will be detected by its 
characteristic corpuscles, which are more or less altered in 
shape in proportion to the length of time they have been 
acted on by the secretion. They are generally distinct and 
appear flatter than natural, owing to exosmosis, and have 
sometimes fringed or serrated borders. Occasionally, when 
the urine is examined very shortly after its admixture with 
blood, they are met with in their normal condition, namely, 
as flattened vesicles with bright central spots adhering to- 
gether in rouleaux. 

When the quantity of blood is so small as to scarcely 
tinge the urine, then a portion of the coloured deposit 
which mostly subsides, or of the lowermost stratum of the 
fluid must be examined. It sometimes happens, however, 
that in these cases the blood corpuscles have become dis- 
solved, and then the microscope is of no avail. Our only 
resource then left is to ascertain if the fluid becomes coag- 
ulated or opaque, and if its colour disappears by boiling. 

Having detected the presence of blood it becomes highly 
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necessary to discover from what part of the urinary appara- 
tus it has arisen, whether from the kidneys, the ureters, the 
bladder, or the urethra. This is not at all times an easy 
matter and requires several circumstances to be considered 
before we can arrive at just and true conclusions. 

110. When it proceeds from the kidneys, there will 
generally be some symptoms referrible to these organs, 
caused either by an injury to the loins or by some morbid 
condition of the glands themselves, as inflammation or con- 
gestion, or tubercular or cancerous degeneration, or by the 
presence of a calculus. The urine, moreover, will be tole- 
rably uniform in colour, and when the blood is very abun- 
dant, will contain dark elongated coagula. This is more 
particularly the case when the haemorrhage has been occa- 
sioned by a violent blow, or by a penetrating wound in the 
lumbar region, or by the presence of a stone. 

111. When it proceeds from the ureters, it is almost 
always produced by a calculus, which may be readily de- 
tected by the symptoms it gives rise to, namely : sudden 
and severe, but intermitting pain, extending round the 
loins downwards towards the testicles, rendering these spas- 
modically painful and forcibly retracted, and giving rise to 
distressing nausea, vomiting and even faintness. 

112. If it proceeds from the bladder it may generally be 
readily discovered by the accompanying symptoms being 
principally referred to this viscus ; the kidneys and ureters 
remaining unafiected. The symptoms however will vary 
considerably, according to the cause which has given rise 
to them, (See Tabular view,) and in some cases, indeed, 
will be entirely wanting, as when the hemorrhage is vica- 
rious to some periodical discharge of blood, such as the 
menses, and in some cases hcemorrhoidal flux, &c. 

113. If the urethra be the seat of the haemorrhage, it will 
be easily detected by the escape of pure blood, free from 
urine, both previous to and after the evacuation of the 
bladder, and by the first portion of urine passed being 
slightly tinged, while the remainder is perfectly clear and 
of "its natural colour. There are likewise no symptoms re- 
ferrible, either to the bladder or the kidneys. It sometimes 
happens, however, that the blood has passed backwards into 
the bladder ; in that case the whole of the urine will be 
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coloured in proportion to the quantity of blood that has re- 
trograded. The true seat of the haemorrhage may, never- 
theless, be generally detected by the accompanying 
symptoms. 

114. Pus (666). Urine containing pus is always more or 
less turbid when passed. On standing, it becomes some- 
what clearer, but never perfectly transparent. This is owing 
to the subsidence of the purulent matter, which then has 
the appearance of a thick sediment of a pale yellowish- 
green, or dirty white colour, and is easily disturbed by the 
slightest motion of the fluid. The urine is mostly acid or 
neutral when voided, and but slowly undergoes decompo- 
sition. The ammonia, however, which is formed when 
this change does take place, not only renders the secretion 
alkaline, but also completely alters the nature of the deposit 
by making it tenacious and viscid. 

115. To ascertain whether a sediment consists of pus, 
pour from it the clear supernatant fluid, and test it for albu- 
men with heat and nitric acid ; then collect the suspected 
deposit and add to a part of it an equal volume of liquor 
potassae, and to another portion some ether, and place the 
remainder under the field of the microscope. Then, if 
coagulation or an opacity takes place in the first ; gelatini- 
zation or coagulation in the second ; and yellow fat globules 
are left by the evaporation of the third ; while, in the fourth, 
granular and opaque globules are observed floating in an 
albuminous fluid — the liquor puris — we have positive proof 
of the purulent nature of the morbid deposit. 

116. Pus globules are distinguished from blood corpus- 
cles or discs (109) by being larger, granulated, and less 
transparent, and by their external membrane becoming dis- 
solved, and the nuclei which they contain, thereby ren- 
dered distinctly visible, when acetic acid is added to them. 

117. Purulent deposits are liable to be mistaken for 
mucus or the phosphates. The former may be diagnosti- 
cated by its characteristic features, (119) while the phos- 
phates may be known by their being dissolved by an acid. 

118. Mucus (66c.) — Urine containing mucus in excess 
is always more or less turbid, and frequently is so consistent 
and viscid as to have the appearance of a gelatinous mass. 
It is remarkably prone to decomposition, the mucus in all 
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probability acting as a ferment (29), and has, when this 
takes place, a remarkably fetid, disagreeable odour, and an 
alkaline re-action on test paper. If the decomposition com- 
mence previous to its excretion, it then acquires irritating 
qualities, and by acting on the lining membrane of the blad- 
der, causes an increased formation of mucus. The mucus 
therefore must be considered as both the cause and effect of 
the putrefactive change which the urinary secretion under- 
goes. Mucus, when present in the urine in large quantities, 
always falls in great part to the bottom of the vessel in which 
the secretion is placed, from which it rises, when the fluid 
is shaken, in large stringy or ropy masses. 

119. The characteristic features of a mucous deposit, and 
those which distinguish it from pus, are its ropy or stringy 
appearance ; its not perfectly separating from the urine as a 
homogeneous yellowish substance, but always remaining 
somewhat suspended in it in the form of long stringy 
masses; its being coagulated by acetic acid; its yielding 
very few, if any, fat globules to ether, and its not rendering 
the urine albuminous. Another distinguishing feature be- 
tween mucous and purulent urine is that the former is alka- 
line and the latter mostly acid or neutral; the one being 
prone to putrefaction while the other undergoes that change 
but very slowly. 

120. The microscopic characters of mucus are much the 
same as those of pus, and therefore are of no avail in diag- 
nosis. 

121. It not unfrequently happens that both pus and 
mucus are contained in the urine at the same time. In that 
case the secretion will present more or less of the charac- 
teristic appearances above described as peculiar to each 
substance. The whitish ropy deposit of lithate of ammo- 
nia (90,) is liable to be mistaken for the sediment occurring 
under these circumstances. It may, however, be distin- 
guished by disappearing when the urine is heated. 

122. Urine voided in an alkaline state may be owing, 
(and I have had frequent opportunities of verifying the fact) 
to its having undergone some change or decomposition in 
the bladder in consequence of some morbid or inflammatory 
condition of this viscus, either originating in it or the result 
of some derangement of the parts anterior to it, as stricture 
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of the urethra, for instance, and enlarged prostate ; or to its 
having been secreted in that state, and constituting then, 
according to Rayer, a symptom of chronic nephritis. 

It is of the utmost importance, therefore, to distinguish 
between these two classes of cases, and the only way of 
doing so is to draw off the urine, then to wash out the blad- 
der, and examine the fluid that is next secreted. 

123. Besides the pus and mucus globules already de- 
scribed, the urine occasionally contains others for which Dr. 
Bird has proposed the name of Organic Globules. They 
are of two kinds, the large and small. The former differ 
from the pus and mucus particles only in the fluid in which 
they float not possessing the albuminous properties of the 
Liquor Puris or the viscid or glairy nature of the Liquor 
Muci. They seldom constitute an actual deposjt but are 
generally diffused through the urine. They are met with in 
cases of ardor urinae, and in the latter months of pregnancy, 
but are most numerous in confirmed cases of Bright's 
disease. 

The Small Organic Globules are of more rare occur- 
rence. They differ from the larger ones, in always forming 
a distinct deposit, in having a smooth non-granular surface, 
and in being devoid, to all appearance, of nuclei. 

124. Epithelium Scales may be recognized by their 
flattened cellulo-nucleated aspect under the microscope. 
They are occasionally met with in very large quantities, 
especially during the occurrence of the oxalate of lime de- 
posits. Dr. Johnson has lately discovered fat globules in 
them, an appearance which, in his opinion, is characteristic 
of Bright's disease. 

125. Spermatozoa (66.) The only way to detect the 
existence of these animalcules is to submit to microscopic 
examination a few drops of the lowest stratum of the 
suspected urine, or a little of the deposit that may have 
formed, when they will be observed as small oblong bodies 
with delicate tapering tails. 

126. Toruhe {66,) are only met with in saccharine urine, 
while it is undergoing the alcoholic fermentation. Their 
true nature can only be detected with the microscope. 
When first examined with this instrument, they are found 
to consist of small oval vesicles containing in their interior 
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minute granular corpuscles. At length, by the gradual in- 
crease in size of these granules, the vesicles expand, become 
tubular, and finally put forth small granular, bud-like pro- 
jections, which enlarge and undergo the same change as 
their parent cells, so that the fungoid, or confervoid vege- 
tation has then a beaded or jointed appearance, and con- 
stitutes a thin pellicle on the surface of the fluid. Occa- 
sionally, however, these fungi appear to increase in a 
different manner, namely, by the bursting of the parent 
vesicles and the escape of the contained granular bodies, 
which eventually form themselves into fresh cells. 

When the vesicles have remained on the surface united 
together in the manner above described, for some little time, 
they separate and fall to the bottom in their original distinct 
state. 

127. Vibriones, (66,) have been met with in the pale, 
light urine of cachectic and debilitated persons. They are 
excessively small linear bodies, having an oscilating motion, 
but without any distinguishable organization. 

g. Non-Organized. 

129. Albumen, (66,) is by no means an unfrequent ab- 
normal ingredient in urine, and in some cases is present in 
it in great abundance. 

It admits, generally speaking, of easy detection. _ The 
principal tests are heat, nitric acid, and the ferrocyanide of 
potassium with the addition of a few drops of acetic acid. 
The appearances presented by the urine after the applica- 
tion of these tests will be a good criterion of the quantity of 
albumen present in it, as in some cases it is merely ren- 
dered a little turbid, while in others it becomes almost a 

solid mass. 

129. If heat occasion an opacity or a deposit, we must 
not be too hasty in attributing it to the presence of albumen, 
as it may be owing to the precipitation of the phosphates. 
This, however, may be readily discovered if the precipitate 
is dissolved by the addition of a few drops of nitric acid. 

Dr Griffith, however, has stated in a communication to 
the Medical Gazette for Oct. 21, 1842, that the albumen, 
when in small quantity, may also be dissolved by a few 
7 
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drops of this acid ; but that there is this difference between 
the two substances, that the latter (albumen) is precipitated, 
while the phosphates remain dissolved when the acid is 
added in excess. 

130. If the urine be alkaline no coagulation or opacity 
may take place. Nitric acid must be used in this case 
either alone, or what is better, in combination with heat. 

131. If nitric acid alone renders the urine turbid, ascertain 
whether the patient has been taking copaiba or cubebs ; for 
according to Dr. G. 0. Rees, such an effect is liable to be 
the result of the administration of these medicines. This 
statement has been confirmed by Simon, who states that 
the precipitate consists of small oil vesicles. No turbidity 
or deposit is produced in these cases by heat. 

It will be seen, therefore, by the preceding remarks, that 
the effects of both heat and nitric acid require investigation 
before they can be received as evidence of the presence of 
albumen, and in fact that each test necessitates the confir- 
mation of the other. 

132. To ascertain the amount of albumen it must be pre- 
cipitated by boiling a given weight of urine then collected 
on a filter, dried, and weighed, and the quantity contained 
in the whole of the urine voided in twenty-four hours, cal- 
culated from that obtained from the portion examined. Or 
we may adopt the process recommended by Heller,* which 
is as follows : Take a given quantity of urine, say from ten 
to twenty grains, and determine the percentage of solid 
matters contained in it ; then rapidly raise another portion 
of equal weight to the boiling point in a small narrow- 
mouthed flask. Set this by with its mouth closed, and 
when the fluid is cold, filter it through a tolerably fine 
linen cloth, and the albumen will collect upon it. If the 
addition of nitric acid causes no further precipitation of al- 
bumen we may be sure that the whole has been separated. 
The difference between the amount of solid residue left by 
the strained fluid on evaporation, and that from the first 
specimen examined, will represent the quantity of albumen. 

* Quoted by Dr. Day in Simon's Chemistry, from vol. i. p. 192, 
of the Archis fur phys, und Patholog Cliimie und Mikroskopie. 
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133. " There is a class of cases," says Vogel in his Er- 
lauterungstafeln zur Pat/wlogischen Histologic* in which 
the urine — sometimes bloody, sometimes of its natural co- 
lour, but always turbid at the commencement — when al- 
lowed to remain at rest, lets fall a yellowish white sediment, 
whereby it becomes clear and transparent. This sediment 
is not mucous ; on agitation it readily mixes with the urine, 
whereby this latter is rendered turbid for the time, but be- 
comes clear again, as soon as the precipitate is again de- 
posited. The urine sometimes contains a large quantity of 
albumen, which coagulates on boiling ; at other times it 
contains but little, rarely none at all. Under the microscope 
this sediment appears to consist of colourless coagula, of a 
cylindrical form, the diameter and shape of which corres- 
pond exactly to the tubuli uriniferi of the kidneys. Like 
the uriniferous tubules of healthy kidneys they contain, in- 
closed within them, portions of epithelium, and now and 
then, rusty coloured granules (altered blood.) These co- 
agula readily dissolve in caustic potash, with difficulty in 
acetic acid ; but by this latter re-agent the epithelial cells 
contained within the coagula are rendered very distinct. 

There seems hardly a doubt that these cylindrical masses 
are fibrinous coagula, which are formed in the uriniferous 
tubes, and that during their coagulations portions of the 
epithelium of these tubes become entangled within them, 
and the whole substance is then discharged together with 
the urine, from which the several masses are afterwards pre- 
cipitated, still preserving the shape of the canals in which 
they were formed. They vary in length, often measuring 
several lines: their transverse diameter corresponds with 
that of the tubules, varying from ^ to ^ of a line - More- 
over, there are sometimes a large quantity of pus corpuscles 
present in these cylindrical masses; probably in those 
cases in which the inflammation has extended to the pelvis 
of the kidneys and to the ureter." 

Dr. George Johnson, of King's College, also states that 
oil globules, or epithelial cells containing fatty matter, are 
likewise frequently met with adhering to these tubular 
fibrinous masses, and that he considers them, when in large 

* Translated by Mr. Kirkes in the Medical Gazette, for May 2, 1845. 
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numbers, an alarming symptom of Bright's disease, of 
which they are, in his opinion, pathognomonic. 

134. Bile (66,) when present in the urine, communicates 
to it an unnatural tint varying from that of a saffron-yellow 
to a dark brown, similar to that produced by blood. 

135. It may be detected by the following processes: — 
i. Dip a piece of clean linen in the suspected urine, and 

if bile be present it will be changed to a yellow colour, 
which will be converted to a green by hydrochloric acid. 

ii. Pour a little of the urine on any flat white surface, as 
the bottom of a plate for instance, and gradually add to it 
a few drops of nitric acid. A rapid display of colours will 
be exhibited, in which the green, blue, violet, pink, and 
red will be observed. 

in. Add basic acetate of lead to the urine, and a yellow- 
ish precipitate, soluble, with the production of a green 
colour, in alcohol acidulated with sulphuric acid, will be 
Thrown down. (Schwertfeger in Day's Simon's Chemistry.) 
iv. Gradually add to a little of the urine, previously de- 
prived of any admixture of albumen, contained in the, test 
rube, two-thirds of its volume of sulphuric acid perfectly 
free from sulphurous acid, and then shake the mixture, kept 
below 144 degrees, with two or three drops of a solution 
of cane sugar, made in the proportion of five parts of water 
to one of sugar, when a more or less distinct violet-red 
colour, in proportion to the amount of bile present in the 
secretion, will make its appearance. (Pettenkofer.) 

This test, however, cannot be safely relied on, owing to 
the action of the sulphuric acid on the sucar employed. 

v. Treat the urine, previously deprived By filtration of 
the mucus and lithic acid that raa\ have become deposited, 
with chloride of barium ; collect the precipitate that is 
formed on a filter, and wash it with distilled water. Then 
boil it in water with carbonate of soda, and separate the 
biliary colouring matter from the yellow solution thus ob- 
tained, by hydrochloric acid. Collect it on a filter, dissolve 
it in a mixture of two parts of alcohol and one of ether, 
and evaporate the resulting green solution, when the colour- 
ing matter will be left in the form of a dark green mass. 
Or the barytes precipitate above alluded to, may be at once 
decomposed by digesting it with alcohol and hydrochloric 
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acid at a moderate heat, the alcoholic solution then evapo- 
rated and the residue washed with distilled water, and 
afterwards dissolved in the alcoholic ethereal mixture and 
again evaporated. (Scherer Ann. der Chimie und Pharm, 
March 1845. Lancet, May 24, 1S45.) 

When dried, this colouring matter may be reduced to a 
powder, which has a very beautiful dark green colour. It 
is very sparingly soluble in water and ether, but very soluble 
in alcohol and liquor potassas, to the latter of which it 
communicates a brownish hue. Hydrochloric acid converts 
it to a blackish brown. 

vi. Add the white of an egg, or any other albuminous 
fluid to the suspected urine, and afterwards separate it by 
means of nitric acid. If bile be present in the secretion, 
the coagulated albumen will have a blueish, or perfectly 
blue or greenish colour. But if there be no biliary matter, 
the precipitate will be white, being gradually, however, 
tinged yellow by nitric acid. (Heller.) This test is stated 
by its author to be extremely delicate, the most minute 
quantity of bile being detected by it ; a thing impossible 
with nitric acid alone. 

136. The colouring matter of bile has been found by 
Heller to sutler considerable modification in certain dis- 
eases, particularly cholera, and in this state not to give its 
characteristic reaction with nitric acid, a red instead of a 
green colour, being in fact produced when this acid is added. 
In these cases he considers ammonia to be the best test. It 
is to be dropped into the suspected urine in small quantity, 
when, if bile be present, a bright red colour, which passes 
to a brownish red on the addition of more ammonia, will 
be produced.* 

137. If Milk (66/*.) be present in the urine, the latter will 
let fall a precipitate consisting of casein, when acetic acid 
is added to it, and will exhibit fat globules when examined 
under the microscope. 

138. Kiestien, (66V.) — This substance is principally 
met with in the urine of pregnant women, in the form of a 
greasy fat-like pellicle, which, after having remained sta- 
tionary for three or four days, breaks up and gradually falls 

* Med. Gaz. October 17th, 1845. 
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to the bottom of the cylindrical vessel in which the urine 
has been placed. It has been supposed to consist princi- 
pally of casein owing to its occurring in combination with 
butyric acid. M. Regnault is of a different opinion. Ac- 
cording to him it is composed only of very minute micro- 
scopic animalculse and phosphatic crystals, and therefore he 
considers that the deposit under consideration is not due to 
the spontaneous coagulation of a substance primatively 
existing in the urine, but rather to the decomposition of a 
nitrogenized matter secreted by the kidneys in excess during 
gestation, which by acting as a ferment in the urine, pro- 
motes the conversion of urea into carbonate of ammonia 
and occasions the peculiar appearance presented by the se- 
cretion in these cases.* 

139. According to Dr. Golding Bird, its formation is 
prevented by an inflammatory state of the system, a state- 
ment which has lately been corroborated by M. M611er,f 

Suppressed perspiration has also been stated by Dr. Bird 
to be a cause of the non-appearance of this peculiar pellicle. 
This, however, does not appear always to be the case, M. 
Moller having met with an instance to the contrary in a 
young female in the eighth month of her pregnancy, who, 
from long continued mental emotion, had become attacked 
with severe hectic and profuse sweats, without there being 
apparently any local affection present which could have 
given rise to them. In this patient's urine not a trace of 
kiestien could be detected during the whole of the febrile 
attack, but the moment the hectic disappeared it was found 
to exist in it in large quantities. 

140. Lehmann treated it with ether, evaporated the solu- 
tion obtained, and procured a fatty matter resembling butter, 
which yielded butyric acid on the addition of sulphuric acid 
after being saponified with potash ; and Dr. Rees informs 
us in the last edition of his work, that he has discovered in 
it globules exactly similar to the fat globules contained in 
milk. Moller, after he had evaporated the etherial solution 
at a gentle temperature, removed the phosphates by means 
of diluted hydrochloric acid, neutralized any excess of the 

* Med. Times, vol. xvi. p. 176. 
f See Med. Gaz. June 5, 1816. 
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latter with ammonia, and expelled any remaining portion 
by the application of a moderate heat, procured it in a pul- 
verulent form, without taste or odour, and of a whitish or 
yellowish colour, insoluble either in alcohol, ether, or water. 
Urine from which pellicles of kiestien have formed appears 
to contain no albumen, and but very rarely casein. It is 
generally neutral or alkaline and occasionally acid ; while 
the pellicle itself is stated never to become mouldy. 

141. Fatty matter, (66/;,) occasionally met with in the 
urine, may also be detected with the microscope, by its 
characteristic globules ; and likewise by the yellow solution 
that collects on the surface of the urine when ether is added 
to it, and which yields fat globules on evaporation. 

142. Urosteallth. — This is the name given by Dr. F. 
Heller, to a peculiar concretion that was passed by a patient 
while suffering from symptoms of calculus in the bladder, 
and which he found to consist of a particular kind of fatty 
matter. These concretions, when first passed are soft, but 
become hard by drying. They are then brittle, have some- 
what the appearance of wax, and a greenish yellow hue 
when viewed by transmitted light. When heated they 
melt, then swell and burn with a characteristic pungent 
odour, something like that of gum benzoin, leaving an 
abundant ash. Urostealith is soluble in ether, from which 
it can be obtained by evaporation, but is insoluble in water, 
and nearly so in alcohol. It is also soluble in nitric acid 
with effervescence, a colourless substance being formed ; and 
combines readily with alkalies, which will separate it from 
its etherial solution. 

143. Sugar, (66 i.k.) — The presence of saccharine mat- 
ter in the urine constitutes diabetes mellitus, an interesting 
disease characterized by the excretion of an extremely 
limpid urine "of a pale greenish straw colour, of a peculiar 
odour deprived of the urinous character; sometimes re- 
sembling that of whey, of a sweet taste, of considerable 
specific gravity and generally acid;" and which, "when 
left standing by itself in the vessel for some time, becomes 
somewhat turbid, loses its greenish tint, and undergoes 
spontaneously the alcoholic fermentation, if the weather be 
hot."* 

* Bell's Essay, by the Author, p. 12. 
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144. Sugar may generally be detected by the sweet taste 
it gives to the secretion ; occasionally, however, this is 
completely masked by the other constituents of the urine. 
(Bouchardat.) 

The following are the various tests that have been pro- 
posed for it. 

i. "The most convenient means of ascertaining the 
presence of saccharine matter in diabetic urine, is to add to 
it some yeast, which gives rise to vinous fermentation, a 
most delicate test, as it can detect one part of it in a thou- 
sand parts of urine.* Every cubic inch of gas given off 
nearly corresponds in round numbers with one grain of 
sugar — forty-seven of gas to forty-five of sugar."f The 
amount of gas may also be ascertained by the increased 
weight of Liebig's bulb apparatus. 

In healthy urine no change takes place on the addition 
of yeast, with the exception of the disengagement of a 
small quantity of carbonic acid necessarily present in the 
latter. 

ii. Another equally delicate test is the growth of Torulae. 
These spores or fungoid vegetations make their appearance 
in the urine whenever saccharine matter is present in it in 
however minute proportions. They may be recognized by 
their peculiar characters. (1-6.) 

in. Add a few drops of a solution of copper to the sup- 
posed diabetic urine contained in a test tube. Slight 
opacity will take place owing to the formation of phosphate 
of copper which is precipitated. Then add an excess of 
liqaor potass ce and a deposit of the hydrated oxide of copper 
will be formed, which will be re-dissolved bv an excess of 
the alkali if sugar be present, with the production of a blue 
solution similar to that of the ammoniuret of copper. By 
gently raising the mixture to a boiling point, the copper will 
be deposited as a red suboxide if it contain any saccharine 
matter, and as a black oxide if it does not. (Trommer.) 

Dr. Bird evidently gives the preference to this test, as 
being the most delicate of all those hitherto proposed for the 
detection of sugar in the urine, and in fact, one which " will 
readily detect it in diabetic urine, even when very largely 

* Christison's Lib. Pract. Med. vol. iv. 219. 
f Bell's Essay, p. 16. 
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diluted, provided "no more of the solution of sulphate of 
copper be used than is sufficient to afford a decided pre- 
cipitate on the addition of the liquor potassa."* 

iv. Add to the suspected urine, contained in a conical 
glass vessel, a small quantity of the hydrated oxide of cop- 
per, and an excess of liquor potassse. The fluid, if it con- 
tain sugar, will then become of a reddish colour, and the 
deposited oxide will gradually assume a yellow hue. 
(Capezzuoli.) 

v. Evaporate a little of the urine at a gentle heat in a 
shallow 7 porcelain dish, and drop upon the dry warm residue 
a few drops of sulphuric acid diluted with six parts of 
water, when, if it contain sugar, it will assume a dark brown, 
or even black colour. (Runge.) 

This test, it is said, will detect as much as one part in 
two thousand ; but as similar results will be obtained, ac- 
cording to Dr. Bird, if albumen be present, this must be 
previously removed before it is had recourse to. 

vi. Treat the urine, reduced to the consistence of syrup, 
with alcohol, and add to the solution obtained a little of an 
alcoholic solution of potash. A white precipitate, if sac- 
charine matter be present, will then be formed, consisting 
of a compound of sugar and potash. Wash it in alcohol 
and dissolve in water ; a saccharine solution will thus be 
obtained, from which the amount of sugar may be deter- 
mined. (Lowig, quoted in the Lancet for Sept. 6, 1845, 
from part 2, vol. 38, of Buchner's Repert.) 

vii. Boil the suspected urine in a test tube with an excess 
o{ liquor potassce, and if it contain sugar it will assume an 
orange-yellow, or brown, or claret colour, in proportion to 
the quantity present, owing to the conversion of the dia- 
betic saccharine matter into melassic acid. (Moore.) 

Heller, who seems to have recommended this test about 
the same time as Mr. Moore, (see Jlrchiv fur phys. und 
Path. Chem. und .Mikrosk., 1844, 2 S. 212), states that 
" if an excess of nitric acid be now added, a strong odour 
will be developed by the sugar. If a drop of diabetic urine 
be diluted with ten drops, or even more of water, the pre- 
sence of sugar will be shown by'the above test. "f 

* Med. Gaz. for May 24, 1844. 

f Quoted in Pharmaceutical Journal, vol. v. p. 188. 
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In having recourse to this test we must be careful that 
the liquor potassae contains no lead, (which it may do if it 
has been kept in a white glass bottle) and the urine no al- 
bumen, otherwise, the sulphur contained in the latter, by 
acting on the lead would prodnce a sulphuret of this metal, 
which would give rise to a dark colour similar to that occa- 
sioned by sugar. This source of fallacy has been lately 
pointed out by Dr. Rees, who recommends that no liquor 
potassae should be employed but what has been kept in 
green glass vessels. The presence of lead in the liquor 
potassae may be easily detected by means of the hydrosul- 
phuret of ammonia. 

M. Bouchardat prefers milk of lime to the solution of 
potash ; first, because in the country it can be more readily 
obtained; and, secondly, because many of the extractive 
matters of the urine are darkened by potash, which is not 
the case with milk of lime.* 

viii. Digest some cheese, previously cleansed from 
foreign matter, in the suspected diabetic urine for a few 
hours, and then add to it some acetate of zinc; a white 
precipitate will be formed if sugar be present, owing to a 
portion of it being converted by the casein into lactic acid. 
(Ross.) 

ix. " The urine is to be evaporated to dryness, the resi- 
due is then treated with alcohol, which dissolves the sugar, 
and all the extractiform matters soluble in this menstruum. 
By slowly evaporating this solution, the sugar crystallizes 
in small grain-like crystals, similar to the sugar of grapes." 
(Bell's Essay on Diabetes). < 

x. Add diacetate of lead to the urine, filter, remove the 
lead by means of sulphuretted hydrogen ; filter a second 
time and evaporate to a syrup ; treat this with alcohol and 
allow the solution obtained to spontaneously evaporate. 
The saccharine matter will then be procured in the crystal- 
lized form. 

m xi. Mix together sulphuric acid and bile until the pre- 
cipitated choleic acid is redissolved, then add to the mix- 
ture a few drops of the urine to be examined, when, if sugar 
be present, a violet colour will be immediately produced. 

* See a translated paper by the Author, in the Med. Times, for 
March 6, 1847. 
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Should any albumen be contained in the secretion, it must 
be previously removed by ebulition. (Pettenkofer). 

144. *Some of these tests it will be seen only enable us 
to ascertain the presence of sugar in the urine, while the 
others admit of our calculating its quantity. 

For the precise determination of the proportion of sac- 
charine matter contained in a quart of urine, M. Bouchardat* 
gives the preference to M. Biot's polarizing apparatus, and 
has proposed the following formula for this purpose. If 
the length of the tube in millemetres, in which the diabetic 
urine is examined, be represented by X, and the deviation 
measured with the naked eye, corresponding to the violet 
blue tint that is observed immediately preceding the ap- 
pearance of the yellowish red — by a, then by multiplying 
2353.6 by the latter, and dividing the product by the 
former, the quotient will be the amount of the sugar con- 
tained in a quart of this urine in grammes. Thus 

2353 : 6 + a 



Crystallized diabetic sugar contains two atoms of water, 
and is represented by the following formula : 

C 12 , H l2 , 12 , + 2HO., 

" On saturating diabetic urine with common salt, and 
leaving it to spontaneous evaporation, crystals, three-fourths 
of an inch in diameter, may be obtained. They are not 
very regular in their form, but most of them are six-sided 
double pyramids. These crystals are hard, easily pulye- 
rizable, transparent, of a combined saltish and sacharine 
taste, and dissolve in about 3-7 parts of cold water and 
slightly in alcohol. The formula for this combination is : 

C 12 , H I2 , 12 ,2 11 O + C 12 , H 12 , ]2 , NaCl."t 

145. To obtain the Extractive Matters evaporate a given 
quantity of urine to dryness over a water bath, treat the 

* Med. Times, March, 1847. 

f Day in Simon's Chemistry, vol. i. p. 66. 
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residue with alcohol of 0.83 and the water extract will be 
precipitated in combination with the phosphates and sul- 
phates. Collect the deposit on a weighed filter, wash it 
with alcohol of the same degree of strength and dry it, and 
its amount will be represented by the increase in the 
known weight of the filter. The proportion of water-extract 
contained in it can then be ascertained by the loss it sus- 
tains by incineration. 

Mix the spirituous solution with the washings of the con- 
tents of the filter, evaporate the mixture to the consistence 
of an extract, and treat this when cold, with anhydrous al- 
cohol. The spirit-extract together with, the chlorides of 
sodium and potassium and a portion of the alkaline lactates 
will then be thrown down. When the supernatant alcoholic 
liquid is no longer rendered turbid by any further addition 
of anhydrous alcohol, it must be poured ofi'from the residue, 
and this washed with pure alcohol ; afterwards carefully 
dried on the water bath and weighed, and the spirit-extract 
estimated by the loss occasioned by incineration. 

To determine the alcohol-extract and the ammonia salts, 
Simon proceeds in the following manner : the alcoholic fluid 
obtained from the precipitation of the spirit-extract, is eva- 
porated on the water bath to the consistence of a thick 
syrup, then thoroughly dried over a strong sulphuric acid in 
a receiver and weighed. The residue is dissolved in a 
little water, and free baryta gradually added, a gentle 
warmth being kept up as long as it continues to dissolve, 
and as long as ammonia is perceptibly evolved. This point 
being attained the mixture is evaporated to the consistence 
of an extract, and moistened with a little alcohol of 0.S3 ; 
a large quantity of anhydrous alcohol is then added, and the 
whole allowed to clear itself. There remain undissolved, 
chloride of barium, a compound of baryta, which has pro- 
bably been added in excess. Dissolved in the alcohol are 
urea, lactate of baryta and a small quantity of free baryta. 
The undissolved portion is burnt in a platinum crucible, 
the residue incinerated, and the ash digested in water. 
The solution is then filtered, slightly acidulated with nitric 
acid, and the chlorine precipitated by nitrate of silver, 
when the chloride of ammonium can be calculated from it. 

The alcoholic solution must be evaporated, the residue 
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dissolved in water, the solution filtered, and a current of 
carbonic acid passed through it, until the free baryta is pre- 
cipitated : it must then be again filtered, acidulated with 
nitric acid and the baryta of the lactate of baryta precipi- 
tated by sulphuric acid. The lactate of baryta is estimated 
from the residual sulphate. 

By substracting from the solid residue of the alcohol ex- 
tract the weight of the urea, of the free lactic acid, of the 
lactate of ammonia, and chloride of ammonium, we obtain 
the quantity of the alcohol-extract. 

146. To detect an excess of the extractive matters boil a 
little of the suspected urine in a test tube, with a small 
portion of hydrochloric acid, when if the quantity be in- 
creased, the fluid will assume a dark hue, and will deposit 
a sediment of a brownish, or blackish, or even of an indigo 
blue tint, readily soluble in alcohol, to which it imparts a 
peculiar colour. 

147. According to Heller " the existence of a large 
quantity of uroxanthin (6) in urine is indicated : 

i. By the clear, light yellow colour of the urine when 
that secretion is acid, as in cholera, and sometimes in 
Bright's disease. 

ii. By the presence of the products of its oxidation, uro- 
glaucin and urrhodin, which, either of themselves, form a 
violet coloured sediment, or communicate that tint to a 
sediment already formed. 

On allowing urine abounding in uroxanthin to stand for 
some time, it is observed that after the formation of the 
sediment has ceased, the fluid from the surface downwards, 
assumes a violet tint, and this change of colour takes 
place with a rapidity proportional to the amount of carbo- 
nate of ammonia produced by the decomposition of urea. 

Hence, on keeping such urine in a high cylindrical glass, 
three distinct strata are observed ; lowermost, a violet sedi- 
ment ; in the middle, yellow and nearly clear urine ; and 
superiorly, a violet or purple turbid layer. 

On shaking the glass, the whole urine assumes a blueish- 
green tint, because the urrhodin, formed principally at the 
surface, becomes converted, by agitation, with a full sup- 
ply of atmospheric air, into uroglaucin, which, mixing 
with the central yellow layer of urine, developes a green 
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tint. The uroglaucin thus formed, ultimately settles as a 
blue powder on the sides, and at the bottom of the vessel. 
Hence there is obviously no fixed proportion between the 
quantities of uroglaucin and urrhodin. 

in. If much uroxanthin is present, the crystals of uric 
acid (separated spontaneously, or by the addition of an 
acid) have a beautiful blue or amethyst tint. 

iv. Lastly, if much uroxanthin is present, it may be re- 
cognized by the addition of concentrated nitric acid, (ten 
drops to half an ounce of urine,) which at once communi- 
cates a brilliant violet colour to the fluid : if a smaller 
amount is present, the change of colour is developed more 
slowly. 

The nitric acid oxydizes the uroxanthin, and converts it 
into uroglaucin and urrhodin. Sulphuric and hydrochloric 
acids act similarly, but with less activity. If albumen is 
present in urine treated in this manner, it is either precipi- 
tated blue at once, or assumes that tint gradually, according 
to the amount of uroxanthin. This is constantly noticed in 
Bright's-disease on treating urine abounding in uroxanthin 
with an acid, and allowing it to stand for a couple of days ; 
uroglaucin separates in dark blue crystalline groups, visible 
to the naked eye, partly on the surface and partly at the 
bottom of the vessel. On taking a drop from the surface, 
and examining it under the microscope, uroglaucin [has the 
appearance of a dark central spot, from which proceed 
numerous lengthy tentacula?]. 

To separate the two products of oxidation of uroxanthin, 
we collect on a filter the sediment thrown down by nitric 
acid, and agitate it with cold spirit of .830, which takes up 
the urrhodin, (as also does ether ;) the residue is boiled for 
some time with spirit of the same strength, until the fluid 
becomes somewhat concentrated ; we thus get a bright blue 
solution of uroglaucin. 

To exhibit these substances in normal urine, the fluid 
must be so far evaporated as just to remain liquid. On 
adding concentrated nitric acid to the cold residue, a crys- 
talline magma of nitrate of urea is at once formed ; on add- 
ing to this a few more drops of nitric acid (and sometimes 
even this is unnecessary) it assumes a violet tint. If the 
crystalline mass is allowed to stand for some time, and is 
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then dissolved in the smallest possible quantity of distilled 
water, after being left at rest for some time, it deposits a 
sediment in which urrhodin and uroglaucin may be detected 
either by the microscope or by extraction with cold, and 
then with boiling spirit. 

The action of nitrate of silver on uroxanthin is very sin- 
gular. On precipitating the chlorine by an excess of nitrate 
of silver from urine acidulated with nitric acid, and then 
carefully neutralizing the filtered liquid by ammonia, there 
is not only a pale yellow precipitate of phosphate of silver, 
but the fluid assumes a brown tint, and in a short time there 
is likewise a brown sediment. 

Heller has not yet succeeded in isolating uroxanthin. 
Uroglaucin associated with urrhodin, occurs in urinary sedi- 
ments in Bright's disease, and in cases in which urine, 
abundant in uroxanthin, has become alkaline in the blad- 
der. Heller has noticed it in these sediments forming 
groups of delicate prisms. It likewise assumes this form 
when urine abounding in uroxanthin is treated with nitric, 
sulphuric, or hydrochloric acid. In this case it is princi- 
pally found on the surface of the fluid. 

When allowed to crystallize from its cold spirituous solu- 
tion, it forms groups which appear nearly black, but are 
blue and transparent at the edges. 

Urrhodin appears to be a less oxydized product of urox- 
anthin than uroglaucin, and usually occurs in much larger 
quantity. It is most commonly observed in cases in which 
the urine is alkaline before emission, in consequence of 
containing much vesical mucus, and its developement in 
such cases is hastened by the addition of nitric acid. The 
method of isolating it has heen already described. Heller 
has never succeeded in obtaining it from its spirituous 
solution in a crystalline form. It occurs in granules, which, 
under the microscope, appear of a beautiful rose-colour. It 
is resinous in its nature, and burns with a clear flame. 

On treating uric acid crystals obtained from healthy urine, 
with cold alcohol, the pigment formed a carmine solution, 
and the uric acid remained comparatively devoid of colour, 
being of a yellowish brown tint, from the brown pigment 
of the urine. The spirituous carmine solution, on exposure 
to the air, gradually became purple, and had all the proper- 
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ties of uroglaucin, previous to 'which it appeared to be iden- 
tical with urrhodin. 

On treating the red sediment common in inflammatory 
affections, and tinged with uroerythrin, with hot and cold 
alcohol and ether, the red pigment remained unaffected, 
unless a little acid was added. The difference of insolu- 
bility in the above menstrua is therefore sufficient to sepa- 
rate uroerythrin from urrhodin."* 

II. Inorganic Elements. 
(a.) Normal. 

148. The normal inorganic elements of the urine are 
constituted by the fixed salts, namely the sulphates and 
phosphates of potash, soda, lime, and magnesia, the chlo- 
rides of their metals, and by silex. 

To ascertain their amount evaporate three or four ounces 
of urine acidulated with nitric acid, incinerate the residue 
and weigh the melted white ash that is obtained. Dissolve 
a given portion of it in water, to which a small portion of 
nitric acid has been added. Filter the solution and the silicic 
acid, if any be present, will remain on the filter probably 
in combination with a little carbon. Wash it. burn it with 
the filter, and determine its weight. Then mix the solution 
with the washings of the contents of the filter and add liquor 
ammonae to a slight excess. Warm the mixture and the 
earthy phosphates will be completely precipitated. Wash 
and dry them and expose them to a red heat and weigh 
them. To discover the proportion of lime dissolve them 
in very dilute nitric acid, and saturate the free acid with 
ammonia, then by adding oxalate of ammonia, the lime will 
be thrown down in the form of an oxalate. Separate it by 
filtration and calculate the amount of lime from its compo- 
sition. Then add liquor am moniae to the clear fluid to pre- 
cipitate the ammoniaco-magnesian phosphate. Collect the 
triple salt on a filter, wash it with water, dry and weigh it, 
and add the washings to the ammoniacal solution from 
which the earthy phosphates have been obtained, and 
supersaturate the whole with nitric acid. Then add chlo- 

* Simon's Chemistry by Dr. Day. 
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ride of barium until a precipitate is no longer formed, warm 
the fluid to promote the separation of the sulphate of baryta ; 
separate this by filtration, wash it, expose it to a strong heat 
and weigh it. The quantity of sulphuric acid must then be 
calculated.* Mix the washings of the sulphate with the so- 
lution from which it was procured, in a stoppered bottle a 
little larger than sufficient to contain the whole of the mix- 
ture, and add liquor ammonia? to supersaturation, and after- 
wards chloride of barium as long as phosphate of baryta 
continues to be thrown down. Set the bottle by with the 
stopper in it for the salt to subside ; then pour off the super- 
natant liquor ; collect the precipitate, treat it as the sulphate 
and calculate the amount of acid it contains.! M 1X the 
ammoniacal fluid now remaining, and which contains the 
fixed alkalies, with the washings of the phosphate, evapo- 
rate it, treat the residue with sulphuric acid, and, after the 
excess of acid has been expelled by heat, dissolve it in 
water. Filter the solution and separate the sulphuric acid 
by means of chloride of barium ; again filter, and the chlo- 
rides of potassium and sodium will be obtained by evapo- 
ration. The proportion of chlorine may be determined by 
dissolving a given weight of the fixed salts in water acidu- 
lated with nitric acid, and then adding nitrate of silver, so 
long as a precipitate is formed, to the filtered solution.^ 
149. Soda may also be detected in the urine by evapo- 

* Composition of Sulphate of Baryta : 

Baryta 

Acid 



f Phosphate of Baryta : 
Baryta 
Acid . 



X Chloride of silver 
Silver 
Chlorine 



f'5.G3 
31.37 


100.00 


G8.20 
31.80 


100.00 


75.33 
24.67 


100.00 
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rating the alcoholic solution, obtained by treating the secre- 
tion, reduced to the consistence of syrup, with this fluid ; 
the chloride of sodium will then be left and may be dis- 
tinguished under the microscope by its crystals, which, 
owing to their containing urea, have lost their natural cu- 
boid shape and assumed that of octahedrons. By submit- 
ting the salt thus procured to the action of the blow-pipe 
a yellow flame will be produced. 

The presence o( soda in the urine is also indicated by the 
formation of the microcosmic double salt of phosphate of 
soda and ammonia, characterized by its rectangular prisma- 
tic crystals when the urine becomes decomposed. 

150. Potash. — To detect this alkali dissolve the fixed 
salts in a little hydrochloric acid, extract them by alcohol, 
and add to the alcoholic solution of chloride of potassium 
some chloride of platinum which will throw down a yellow 
precipitate of chloride of potassium and platinum in the 
form of small yellow shining prismatic crystals. Potash also 
communicates a violet tint to the flame of a blow-pipe, and 
is precipitated from its aqueous solution by an excess of 
tartaric acid. 

151. Ammonia. — Heintz demonstrates the presence of 
ammonia, and indeed of potash likewise, by the following 
process. He treats urine that has been recently passed 
with chloride of platinum and then adds to it a mixture of 
alcohol and ether, made in the proportion of three volumes 
of the former to one of the latter. A precipitate is thus 
formed which is collected on a filter, washed with etherized 
alcohol, dried and heated to redness. The residue is then 
repeatedly taken up with boiling dilute hydrochloric acid, 
the solution filtered and the filter afterwards burnt. The 
platinum which remains corresponds to the amount of am- 
monia and potash in the urine. By this process Heintz 
found the proportions of these alkalies to vary between 2.16 
and 2.19, and 1.315 and 1.325 respectively in 1000 parts. 

(b.) Abnormal. 

152. The subcarbonates of lime and magnesia may exist 
in the urine, either in solution, being retained in it 'in that 
state by an excess of carbonic acid, or as a deposit. If in 
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solution, they will be thrown down when the acid is ex- 
pelled by heat, and may be detected by their solubility in 
an acid with effervescence. 

The presence of lime maybe ascertained by the addition 
of oxalate of ammonia to the ammoniacal solution of the 
precipitate producing a deposit of oxalate of lime ; while 
the existence of magnesia may be discovered by saturating 
the double carbonated salt with phosphoric acid, then set- 
ting the liquid by to crystallize, dssolving the crystals that 
are formed in hydrochloric acid, separating the lime in the 
manner just described, and adding to the supernatant liquor, 
solution of ammonia, when the ammoniaco-magnesian 
phosphates will be precipitated. 

153. Neutral Phosphate of Lime. — To separate this salt 
from the ammoniaco-magnesian phosphate with which it is 
generally mixed, treat the deposit with acetic acid; this 
will dissolve the triple salt and leave the phosphate of lime 
behind in an amorphous state. It is precipitated from its 
solution in hydrochloric acid by liquor ammoniae, and its 
acid solution, when neutralized with this alkali yields a 
precipitate on the addition of oxalate of ammonia. 

The lime may be also separated, either from the solution 
of the phosphate in hydrochloric acid, or from the compound 
deposit, by means of sulphuric acid as an insoluble sul- 
phate. 

The phosphate of lime is precipitated from healthy urine 
in combination with the ammoniaco-magnesian phosphate 
by caustic ammonia, and with the phosphate of magnesia 
by liquor potassse. 

When examined under the microscope it generally ap- 
pears as an amorphous powder, but is occasionally met with 
in the crystallized state, as for instance, when the urine has 
remained long in a state of decomposition. 

154. The neutral and bibasic ammoniacal-magnesian 
phosphates are distinguished by the following characters. 
They are very slightly soluble in either hot or cold water, 
but are soluble in acids, from which they are again precipi- 
tated by ammonia. Mixed with caustic potash and heated, 
ammonia is evolved ; and their solution in hydrochloric 
acid yields on evaporation crystals of hydrochlorate of am- 
monia. 
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155. The neutral triple phosphate is the form most com- 
monly met with. It occurs during the commencement of 
the decomposition of the urine, or when a small quantity of 
ammonia is added to the healthy secretion, and may be 
recognized by its prismatic crystalline appearance under the 
microscope. It is the only variety of the triple salt that can 
occur in acid urine. 

156. The bibasic form is met with in urine that has been 
long kept and become putrescent, and may be thrown down 
artificially from the healthy fluid by an excess of ammonia. 
It crystallizes in beautiful stellse. 

Dr. Bird gives the following formula as representing the 
probable composition of the two salts. 

salary) 1 " ^^ \ = ( H0 ' NH *°' M ^ + P *°- 



Basic or Stellar salt 
(dry) ; 



= (NH 4 0,2MgO,) + P 2 Ch 



Inorganic Colouring Matters. 

157. Cyanourine when present in the urine communicates 
to it a fine blue colour and becomes deposited from it by 
repose. By collecting it on a filter it may be separated 
from any adherent matters by repeatedly washing it in water, 
in which it is insoluble, and then dissolving it in sulphuric 
acid, from which it can be thrown down by the gradual 
addition of magnesia. The cyanourine thus obtained has a 
dark blue colour, is without taste or smell, and is insoluble 
in cold, and but very sparingly so in boiling water. It is 
soluble in diluted acids which become of a brown or red 
colour in proportion to their quantity. On evaporating its 
sulphuric acid solution, a carmine extract is left soluble in 
water with the production of a brown coloured fluid. It is 
soluble in the hot solutions of the alkalies and their car- 
bonates, the former assuming a brown and the latter a red 
hue. 
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158. Indigo. As we have already seen, this substance 
has been discovered in the urine of persons to whom it has 
been administered as a remedy, and has also been met with 
in cases where it appears to have originated in the system; 
an opinion which is greatly favoured by its composition 
namely, C ]6 ,N H s , 2 , being very similar to that of certain 
organic matters. Like cyanourine, it communicates a deep 
blue colour to the urine, from which it separates in the form 
of a blue powder. On collecting it by filtration it is found 
to be both tasteless and inodorous, insoluble in water, soluble 
in ether and alcohol, to which it gives a yellow colour, and 
also in sulphuric acid, the solution being purple. It is con- 
verted by nitric acid into the nitro-picric ; and is deoxidized 
by sulphuretted hydrogen, various sulphites, and the pro- 
toxide of iron, &c, with the addition of an alkali, and is 
thrown down from the alkaline solution, when this is satu- 
rated by hydrochloric acid, in a white flocculent crystallized 
state, to which the blue colour becomes restored on exposure 
to the atmosphere. 

159. To detect the presence of indigo in a deposit, place 
the latter in diluted alcohol, with a little grape sugar and 
caustic potash, and the blue colour, if due to indigo, will be 
replaced by a yellowish red, which on shaking the mixture, 
becomes converted, first into a deep blood red and then into 
a green ; the yellowish red being at length eventually re- 
stored when the fluid is left at rest. 

160. Prussian Blue has been discovered in the urine by 
various observers, and M. Julia Fontanelle detected it in 
the secretion of a boy who had swallowed ink. It forms a 
blue deposit characterized by its insolubility in water and 
alcohol, and by its being decomposed by a solution of pot- 
ash with the production of peroxide of iron which is pre- 
cipitated, and a yellow liquid of ferrocyanide of potassium, 
from which this salt may be obtained in crystals on evapo- 
tion. 
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The intention of this work is to exhibit, in a popular and attractive form, 
th e result of the researches of naturalists and philosophers in all the more 
mportarit branches of Natura! Science. Its study require. .no pre joj, train- 
ing • for while facts and deductions are stated according to the strictest rules 
oTscientific inquiry, they are by an ingenious ^^^f^S'r 
and diagrams, communicated in a manner so simple and striking as to rencier 
»u« m nt r>n<-p intelligible and easily retained. 

F "r theirs t mef in this count/y, the principles of graphic representation 
nJTere applied to the delineation of the most important facts of external 
Dhenomena. Simple but significant symbolical signs have been introduced 
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JOHNSTON'S PHYSICAL ATLAS (Continued.) 

to an extent, and with an effect, hitherto never contemplated. The contents 
of the many volumes, formerly the sole depositories of information regarding 
the different kingdoms of nature, have been condensed and reproduced with 
a conciseness, precision, completeness, and promptitude of application alto- 
gether unattainable by any other agency. 

The elegant substitute of linear delineation registers the most complicated 
results in the most perspicuous form, affords inexhaustible facilities for record- 
ing the continued advance of science, and " renders its progress visible." 

The Physical Atlas is the result of many years' labor, and in its construc- 
tion not only have the writings and researches of the philosophers and travel- 
ers of all nations been made use of, but many of the most eminent men of 
the age, in the different departments of science, have contributed directly to 
its pages. The letter-press gives a condensed description of each subject 
treated of, with constant reference to the elucidation of the maps, and the 
colors and signs employed are uniformly explained by notes on the plates. 
But while endeavoring to make available to every one the rich stores of 
knowledge otherwise nearly inaccessible, it has ever been borne in mind that, 
in such a work, accuracy and truth are the first requisites, in order that it 
may be a guide to the naturalist in investigating the more philosophical de- 
partments of science, and to the inquirer in showing what has already been 
done, and what remains to be accomplished, in perhaps the most universally 
interesting and attractive branch of human knowledge. 

From among a vast number of recommendatory notices, the publishers sub- 
mit the following : — 

We have thus rapidly run through the contents of the Atlas to show its compre- 
hensiveness and philosophic arrangement. Of its execution, no praise would be in 
excess. The maps are from the original plates, and these are beautifully finished, 
and the coloring has been laid on wnh the utmost nicety and care. The size is an 
imperial quarto, and the accompanying text embraces a vast amount of details that 
the imagination is called on to fasten and associate with the maps. The enterprise 
and fine taste of the American publishers will, we hope, be rewarded by an extensive 
sale of this most admirable work. No school-room and no family should be without 
the Physical Alias. 

In the hands of a judicious teacher, or head of a family, information of the most 
varied nature in all departments of science and natural history can be introduced and 
commented on, in reterence to its geographical bearing, while the materials of the 
u -xt and the Atlas may be commented on to anv desired extent. Such works give 
attractiveness to knowledge, and stimulate to energy the mind of the young; whife in 
the beauty, harmony, and intermediate reactions of nature thus exhibited, the facili- 
ties of imagination and judgment find room for equal exercise and renewed delHit 
It is the lively picture and representation of our planet.— New York Literary World, 
March 9, 1850. 

The book before us is, in short, a graphic encyclopaedia of the sciences- an atlas 
of human knowledge done into maps. It exemplifies the truth which it expresses— 
that he who runs may read. The Thermal Laws of Leslie it enunciates by a bent line 
running across a map of Europe; the abstract researches of Gauss it embodies in a 
few parallel curves winding over a section of the globe; a formula of Laplace it 
melts down to a little path of mezzotint shadow; a problem of the transcendental ana- 
lysis, which covers pages with definite integrals, it makes plain to the eye by a little 

stippling and hatching on a given degree of longitude! All possible relations of 
time and space, heat and cold, wet and dry. frost and snow, volcano and storm, cur- 
rent and tide, plant and beast, race and religion, attraction and repulsion, glacier and 
avalanche, fossil and mammoth, river and mountain, mine and forest, air and cloud 
and sea and sky-all in the earth, and under the earth, and on the earth, and above 
the earth, that the heart of man has conceived or his head understood— are brought to- 
gether by a marvellous microcosm, and planted on these little sheets of paper-thus 
making themselves clear to every eye. In short, we have a summary of all the oross- 
questions of Nature for twenty eenturies— and all the answers of Nature herself set 

aown Ana speaking to us voluminous system dons un mot Mr Johnston 

is well known as a geographer of great accuracy and research; and it is certain that 

! ? i, i " h> his reputation! for il is beautifully engraved, and accompanied 

with explanatory and tabular letterpress of great va.\w.— London Athena-um. 
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SOMERVILLE'S PHYSICAL GEOGRAPHY. 

New Edition, much improved. Now Ready. 

PHYSICAL "GEOGRAPHY. 

BY MARY SOMERVILLE, 

AUTHOR OF " THE CONNECTION OF THE PHYSICAL SCIENCES," ETC. ETC. 

SECOND AMERICAN EDITION, 

From, the Second and Revised Xondon Edition. 

WITH AMERICAN NOTES, GLOSSARY, &C. 

In one neat royal 12mo. volume, extra cloth, of over 500 pages. 

The great success of this work, and its introduction into many of the higher schools 
and academies, have induced the publishers to prepare a new and much improved 
edition. In addition to the corrections and improvements of the author bestowed on 
the work in its passage through the press a second time in London, notes have been 
introduced to adapt it more fully to the physical geography of this country ; and a 
comprehensive glossary has been added, rendering the volume more particularly 
suited to educational purposes. The amount of these additions may be understood 
from the fact, that not only has the size of the page been increased, but the volume 
itself enlarged by over one hundred and fifty pages. At the same time, the price 
has not been increased. 

While reading this work, we could not help thinking how interesting, as well as 
useful, geography as a branch of education might be made in our schools. In many of 
them however, this is not accomplished. It is to be hoped that this defect will be 
remedied : and that in all our educational institutions Geography will soon be taught 
in the proper way. Mrs. Somerville's work may, in this respect, be pointed to as a 
model. — Tail's Edinburgh Magazine. 

Our praise comes lagging in the rear, and is well-nigh superfluous. But we are 
anxious to recommend toouryouth the enlarged method of studying geography which 
her present work demonstrates to be as captivating as it is instructive. Nowhere, 
except in her own previous work. "The Connection of the Physical Sciences,"isthere 
to be found so large a store of well-selected information so lucidly set forth. In sur- 
veying and grouping together whatever has been seen by the eyes of others, or detect- 
ed by their laborious investigations, she is not surpassed by any one We have no 
obscurities other than what the imperfect slate of science itself involves her in ; no 
dissertations which are felt to interrupt or delay. She strings her beads distinct and 
close wether. With quiet perspicacity she seizes at once whatever is most interest- 
in°- and most captivating in her subject. Therefore it is we are for the book ; and we 
hold such presents as Airs. Somerville has bestowed upon the public, to be of incalcu- 
lable value, disseminating more sound information than all the literary and scientific 
institutions will accomplish in a whole cycle of their existence.— Blackwood's Blag. 

HERVEY'S COURT OF GEORGE II. 

MEMOIRS ?0F THE REIGN~0F GEORGE THE SECOND, 

From his Accession to the Death of Queen Caroline. 

BY JOHN LORD HERVEY. 

EDITED, FROM THE ORIGINAL MANUSCRIPT, AT ICKWORTH, 

By the Right Hon. JOHN WILSON CROKER, LL. D., F. R. S., &c 
In two handsome volumes, royal 12mo., extra cloth. 

PARDOE'S FRANCIS THE FIRST.— Now Ready. 

THE COURT AND REIGNTr FRANCIS THE FIRST, 

KING OF FRANCE. 

BY MISS PARDOE, 

AUTHOR OF " LOUIS THE FOURTEENTH," " CITY OF THE SULTAN," &C. &C. 

In two very neat volumes, royal 12mo., extra cloth. 



6 LEA & BLANCHARD'S NEW PUBLICATIONS. 

HERSCHEL'S OUTLINES OF ASTRONOMY.-^Voic Ueadj/. 

OUTLINES OiTaSTKONOMY. 

BY SIR JOHN F. W. HERSCHEL, F. R. S., &c. 

In one neat volume, crown octavo, with six plates and numerous wood-cuts. 

With this, we take leave of this remarkable work, which we hold to be, beyond a 
doubt, the greatest and most remarkable of the works in which the laws of astrono- 
my and the appearance of the heavens are described to those who are not mathema- 
ticians nor observers, and recalled to those who are. It is the reward of men who 
can descend from the advancement of knowledge to care for its diffusion, that their 
works are essential to all, that they become the manuals of the proficient as well as 
the text-books of the learner. — Athenerum. 

Probably no book ever written upon any science has been found to embrace with- 
in so small a compass an entire epitome of everything known within all its various 
departments, practical, theoretical, and physical. — Examiner. 

A text-book of astronomy, from one of the highest names in the science.— Silliman , s 
Journal. 

ll.litfKV II ILUISO LOT'S JYEW WORK.— Wow Ready. 

ASPECTS OF IVATURE, 

IN DIFFERENT LANDS AND DIFFERENT CLIMATES. 
WITH SCIENTIFIC ELUCIDATIONS. 

BY ALEXANDER VON HUMBOLDT. 

TRANSLATED BY MRS. SABINE. 

In one very neat volutm^ royal 12mo., extra cloth. 

It is not without diffidence that I present to the public a series of papers which took 
theirorigin in the presence of natural scenes of grandeur or beauty, on the ocean, in 
the forests of the Orinoco, in the Steppes of Venezuela, and in the mountain wilder- 
nesses of Peru and Mexico. Detached fragments were written down on the spot, and 
at the moment, and afterwards moulded into a whole. The view of nature on an en- 
larged scale, the display of the concurrent action of various forces or powers, and the 
renewal of the enjoyment which the immediate prospect of tropical scenery affords 
to sensitive minds— are the objects which 1 have proposed to myself. — Author's 
Preface. 

ZOOLOGICAL RECREATIONS,— Just Issued, 

BY W. J. BRODERIP, Esq., F. R. S. 

In one neat volume of 376 pages, royal 12mo., extra cloth. 
BOVVJtlJlJVS PRACTICAL, CHEMISTRY.— Just Issued. 

INTRODUCTION TO PRACTICAL CHEMISTRY. 

INCLUDING ANALYSIS. 
By JOHN E. BOWMAN, 

Demonstrator of Chemistry, King's College 

In one handsome volume, royal 12mo., of over 300 pages. 

WITH NEARLY ONE HUNDRED ENGRAVINGS ON WOOD. 

STEINMETZ'S HISTORY OF THE JESUITS. 
HISTORY OF THE JESUITS, 

PROM THE FOUNDATION OF THEIR SOCIETY TO ITS SUPPRESSION BY POPE CLEMENT XIV. 

Their Missions throughout the World ; their Educational System and Literature; 

with their Revival and Present Slate. 

BY ANDREW STEINMETZ, 

Author of "The Novitiate," and "The Jesuit in the Family." 

In two handsome crown 8vo. vols, of about four hundred pages each, extra cloth. 
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PAGET'S TRAVELS IN HUNGARY-Just Ready. 

HITI¥«ARY AND ~TR AN SYLVANIA : 

WITH REMARKS ON THEIR CONDITION, SOCIAL, POLITICAL, AND 
ECONOMICAL. 

BY JOHN PAGET, ESQ. 

In two neat volumes, royal 12mo., extra cloth. 
"We must now turn aside to make a short excursion into Hungary, with Mr. Paget 
for our guide. It would not be well possible to choose a better," for he never suffers 
our interest to flag, and appears to have made himself accurately acquainted, not 
only with the localities and tradition* of the country, but with its whole history and 
institutions, which presents so many points of analogy to those of England, as really 
to invest the subject with a new and peculiar interest for an Englishman."— Quarterly 
Review. 

B.HIlirS WEST IJVmES.—JT'ow Ready. 

IMPRESSIONS AND EXPERIENCES 
OFgTHE WEST INDIES AND NORTH AMERICA IN 1849. 

BY ROBERT BATRD, A. M. 

In one neat volume, royal 12mo., extra cloth. 

'• We have here a new instalment, not of British prejudice and grumbling, common 
to transatlantic tourists who pass a few months in the country, but a fair, judicious, 
matter-of-fact book by a Scottish gentleman who makes the pilgrimage of a consider- 
able portion of the western world in pursuit of health, and in a frame of mind, we 
may add, well adapted to its recovery. There is no illness or dyspepsia in Mr. Baird's 
speculations. He has a good legal digestion of every fact or sentiment which comes 
before him."— N. Y. Lit. World. 

•A most faithful and attractive description of the countries which the author has 
visited— forming altogether a tourist's notebook and traveler's guide of the very best 
class." — John Bull. 

'•The narrative embraces topics of absorbing interest at the present day.' — Liver- 
pool Mail. 

■■ Mr Baird wields a delicate and graceful pencil, and touches lightly and cheerily 
on the salient and light reflecting points of the varied and magnificent scenery he 
wanders over or floats amidst." — Glasgotv Citizen. 

NEW AMERICAN WORE ON SHOOTING— Nearly Ready. 

NOTES ON SHOOTING ; OR HINTS TO SPORTSMEN. 

COMPRISING 

The Habits of the Game Birds and Wild Fowl of North America; 

The Dog, the Gun, and the Field. 
BY E. J. LEWIS, M.D., 

Editor of " Youatt on the Dog," &c. 
In one handsome volume, royal 12mo. 

HISTORY OF THE HUGUENOTS— A NEW EDITION, 

CONTINUED TO THE PRESENT TIME. 

BY W. S. BROWNING. 

In one large octavo volume, extra cloth. 
"One of the most interesting and valuable contributions to modern history "-Gen- 
tleman's Magazine. 

RUSH'S 

MEMORANDA OF A RESIDENCE AT THE COURT OF LONDON. 

In one large and handsome octavo volume, extra cloth. 

THE BOY'S TREASURY OF SPORTS, PASTIMES, AND RECREATIONS. 

WITH FOUR HUNDRED ILLUSTRATIONS. 
In one very neat volume, royal ISmo., crimson extra cloth. 
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MACFARLANE'S TURKEY— Now Ready. 

TURKEY AND~TtS DESTINY; 

THE RESULT OF JOURNEYS MADE IN1M7 AND 1848 TO EXAMINE INTO 
THE STATE OF THAT COUNTRY. 

BY CHARLES MACFARLANE, ESQ., 

Auihor of '• Constantinople in 1638 " 
In two neat volumes, royal 12mo., extra cloth. 
"The auihor of this work has made valuable, conlribuiions to the Western world's 
knowledge of the people and customs of the East, and none of more value than this. 
He is a close observer, an acute thinker, and master of a pleasant, lively style. We 
have seen no picture of Turkey, as it is, and of its future destiny, that approaches 
these volumes in minuteness of detail, blended with philosophical comprehensiveness. 
Every one interested in the present position and future destiny of the Turkish go- 
vernment—should read Mr. Macfarlane's volumes." — N. Y. Com. Advertiser. 



SIX MONTHS IN THE GOLD MINES-Now Ready. 

SIX MONTHS in The gold mines. 

FROM A JOURNAL OF A THREE YEARS' RESIDENCE IN UPPER AND 
LOWER CALIFORNIA DURING 1847, lb48, AND 1849. 

BY E. GOULD BUFFUM, ESQ., 

Lieut. First Regiment New York Volunteers. 
In one well printed royal 12mo. vol., paper, price 50 cents, or extra cloth. 
"To those who intend visiting California this book is invaluable, and the general 
reader will find it. in some respects, as fascinating and interesting as a work of fic- 
tion."— N. Y. Herald. 



FLETCHER'S NINEVEH— Now Ready. 

NOTES FROM NINEVEH, 

And Travels in Mesopotamia, Assyria, and Syria. 
BY THE REV. J. P. FLETCHER. 

In one neat royal 12mo. volume, extra cloth. 
"Well written, and deeply interesting." — North American. 

"One of the best books of travels that we have taken up for a long time." — Boston 
Evening Gazette. 
"The narratives of these excursions are deeply interesting." — IV. Y. Com. Advertiser. 
"Full of new and stirring interest." — Saturday Post. 



CARPENTER ON ALCOHOLIC LIQUORS- Just Ready. 

A PRIZE" ESSAY 

ON THE USE OF ALCOHOLIC LIQUORS IN HEALTH AND DISEASE. 

BY W. B. CARPENTER, M.D., F.R.S., 

Author of "Principles of Human Physiology," &c. 
In one neat volume, royal 12mo. 
A prize of one hundred guineas having been otrered in London for the best essay 
on the above subject, that sum has been awarded to Dr. Carpenter for the present 
work, by the adjudicators, Dr. John Forbes. Dr. G. L. Roupell, and Dr. W. A. Guy. 
A trealise on a subject of such universal interest by so distinguished a physiologist 
and teacher as Dr. Carpenter cannot fail to attract general attention, and be product- 
ive of much benefit. 



WALPOLE'S LETTERS. 

In six handsome octavo volumes, extra cloth. 

Four volumes containing the General Correspondence, and two the 

Suppressed Letters to Sir Horace Mann. 



WALPOLE'S MEMOIRS OF THE REIGN OF KING GEORGE THE THIRD. 

In two handsome octavo volumes. 
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Now Complete.— STRICKLAND'S QUEENS OF ENGLAND. 
NEW AND IMPROVED EDITION. 

LIVES OF THE QUEENS OF ENGLAND, 

FROM THE NORMAN CONQUEST. 

WITH ANECDOTES OF THEIR COURTS. 

Now First Published from Official Records, and other Authentic Documents, Pri- 
vate as well as Public. 

NEW EDITION, WITH ADDITIONS AND CORRECTIONS. 

BY AGNES STRICKLAND. 

In six volumes crown octavo, extra crimson cloth, or half morocco, printed 
on fine paper and large type. 
In this edition, Volume One contains Vols. 1, 2 and 3 of the 12mo. edition ; 
Volume Two contains Vols. 4 and 5 ; Volume Three contains Vols. 6 and 7 ; 
Volume Four contains Vols. S and 9 ; Volume Five contains Vols. 10 and 1 1 ; 
and Volume Six contains Vol. 12. The whole forming a very handsome se- 
ries, suitable for presents, prizes, &c. 

The publishers have great pleasure in presenting to the public this work in a 
complete form. During the long period in which it has been issuing from the press, 
it has assumed the character of a standard work ; and. as occupying ground hitherto 
untouched, as embodying numerous historical facts hitherto unnoticed, and as con- 
taining vivid sketches of the character and manners of the limes, with anecdotes, 
documents. &c. &c, it presents numerous claims on the attention of both the student 
of history and desultory reader. 

Those who have been waiting its completion can now obtain it, forming a handsome 
set, twelve volumes in six, in various styles of binding. 

A few copies still on hand of the Duodecimo Edition. Vol. I. — Contains 
Matilda of Flanders, Matilda of Scotland, Adelicia of Louvaine, Matilda of 
Boulogne, and Eleanor of Aquitaine. Vol. II. — Berengaria of Navarre, Isa- 
bella of Angouleme, Eleanor of Provence, Eleanor of Castile, Marguerite of 
France, Isabella of France, Philippa of Hainault, and Anne of Bohemia. 
Vol. III. — Isabella of Valois, Joanna of Navarre, Katharine of Valois, Marga- 
ret of Anjou, Elizabeth Woodville, and Ann of Warwick. Vol. IV. — Elizabeth 
of York, Katharine of Arragon, Anne Boleyn,Jane Seymour, Anne of Cleves, 
and Katharine Howard. Vol. V.— Katharine Parr and Queen Mary. Vol. VI. 
— Queen Elizabeth. Vol. VII. — Queen Elizabeth (continued), and Anne of 
Denmark. Vol. VIII. — Henrietta Maria and Catharine of Braganza. Vol. IX. 
— Mary of Modena. Vol. X. — Mary of Modena (continued), and Mary II. 
Vol. XI.— Mary II. (continued), and Queen Anne. Vol. XII.— Queen Anne 
(concluded). 

Any volume sold separately, or the whole to match in neat green cloth. 

These volumes have the fascination of a romance united to the integrity of history.— 
Times. 

A most valuable and entertaining work. — Chronicle. . , ... , 

This interesting and well-written work, in which the severe truth of history takes 
almost the wildness of romance, will constitute a valuable addition to our biogra- 
phical liieramre.— Morning Herald. 

A valuable contribution to historical knowledge, to young persons especially. It 
contains a mass of every kind of h istoncal matter of interest, which industry and re 
source could collect. We have derived much entertainment and instruction from 
the work. — Alhenatum . , 

The execution of this work is equal to the conception. Great pains have been 
taken lo make it both interesting and valuable.— Literary Gazelle. . 

A charm i ne work-full of interest, at once serious and pleasing.- Monsieur Guizol. 

A most charming biographical memoir. We conclude by expressing our unquali- 
fied opinion that we know of no more valuable contribution to modern history than, 
this H volume of Miss Strickland's Lives of the Queens.- Morning Herald. 

*2 
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NEW WORK BY MISS KAVANAGH.— Now Ready. 

"WOMAN IN FRANCE 

IN THE EIGHTEENTH CENTURY. 

BY JULIA KAVANAGH, 

Author of" Madeleine, a Tale of Auvergne." 
In one neat vol., royal 12mo , extra cloth. 

In treating other subjects of her gallery — as for instance those widely different per- 
sonages, Mdlle. A1SS6 and Madame Roland— Miss Kavanagh puis forth a pathetic 
power which gives depth and repose to a book that in other hands might have become 
wearying from its unmitigated sparkle. 

The critic dealing with such an encyclopedia of coquetries, amours, vicissitudes, 
scifft rings, and repentances as the history of " Woman in France" must necessarily 
be, is fain to content himself with offering merely a general character like the above. 
Such is the fascination of the subject— such is the fullness of matter— such is its afflu- 
ence of suggestion— that every page tempts him to stop for a gossip or for speculation 
of modes and morals. 

Which among us will ever be tired of reading about the Women of France ? espe- 
cially when they are maishaled so agreeably and discreetly as in the pages before 
us. — The Athenceum. „^™~^„^^™^ 

ERMAN'S SIBERIA.-Now Ready. 

TRAVELS Tn SIBERIA. 

INCLUDING EXCURSIONS NORTHWARD, 

Down the Obi to the Polar Circle, and Southward to the Chinese Frontier. 

BY ADOLPH ERMAN. 

Translated frovi the German, by WILLIAM DESBOROUGH COOLEY. 
In two large vols., royal 12mo., extra cloth. 

Much interest attaches to this work as the only complete and authentic account 
which we possess of the vast territories extending from the Ural Mountains to Bea- 
ring's Straits, of which less is known, than perhaps of any other densely inhabited 
portion of the globe. Dr. Erman devoted several years to these researches, and has 
embodied in these volumes a large amount of curious and novel information. 

Lately Issued INGERSOLL'S NEW WORK. 

HISTORICAL SKETCH OF THE S ECO XI) WAR 

BETWEEN THE UNITED STATES OF AMERICA AND GREAT BRITAIN, 

DECLARED BY ACT OF CONGRESS THE 18th OF .TUNE L812, AND CON 
CLUDED BY PEACE THE 15th OF FEBRUARY, 1S15. 

BY CHARLES J. INGERSOLL. 

EMBRACING THE EVENTS OF 1S14. 

In one well-printed 8vo. vol., of 318 pages, double columns, paper covers. 
FRANCE UNDER LOUIS PHILIPPE. 

The History of Ten Years, 1830-1810; or, France under Louis Philippe. 

BY LOUIS BLANC, 

Secretary ofthe Provisional Government of 1-1- 

TRANSLATED BY WALTER K. KELLY. 

In two handsome crown 8vo. volumes, extra cloth, or six parts, paper, at fifty rent* 

HISTORY OF THE FRENCH REVOLUTION OF 1789. 

BY LOUIS BLANC, 

Author of- France under Louis Philippe," &c 
TRAN"- .i'ED FROM THE FRENCH, 
one volume, crown octavo 
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THE WAR IN HUNGARY. Now Ready. 

MEMOIRS OF AlHUNBARIAN LADY. 

BY THERESA PULSZKY. 

WITH AN HISTORIQAL INTRODUCTION 

BY FRANCIS PULSZKY. 

In one neat volume, royal 12mo., extra cloth. 
We need hardly inform our readers that the authoress of this work is the accom- 
plished wife of the gentleman who was originally accredited to the English Cabinet 
by the Provisional Government of Hungary. The private interest attaching to the 
recital of events which have become so famous, would ensure a wide popularity for 
Madame Pulszky's book. But we should very much underestimate its value if we so 
limited our praise. The Memoirs, indeed, contain sketches of social life which are 
wonhy of a place by the side of Madame de Stahl de Launay and Madame Campan. 
But they are also rich in political and topographical information of the first character. 
Madame Pulszky was in the habit of direct intercourse with the foremost and most 
distinguished of the Hungarian generals and statesmen, and has given a complete 
summary of the political events in Hungary, from the arrival of the Hungarian Depu- 
tation in 1848, to the treason of General Georgy on the 13th of August, 1849. M. Puls- 
zky has also prefixed a valuable introduction, which gives the most complete History 
of Hungary that has ever issued from the English press. — Globe. 

TAL.ES AtfO STORIES FROM HISTORY. 

BY AGNES STRICKLAND, 

Author of " Lives of the Queens of England," etc. 

In one handsome royal ISmo. volume, crimson extra cloth, with illustrations. 

THE SUGAR PLASTER'S MANUAL. 

BEING A TREATISE ON THE ART OF OBTAINING SUGAR FROM THE CANE. 

BY W. J. EVANS, M. D. 
In one neat volume, small 8vo., 263 pages, with wood-cuts and two plates. 

THEORY OF LIFE. 

BY S. T. COLERIDGE. In one small volume, 12mo. 

POEMS, 

BY ELLIS, CURRER, AND ACTON BELL, 

Authors of "Jane Eyre." &c. 
In one vol., royal ISmo. 

EASTERN LIFE, PRESENT AND PAST. 

BY HARRIET MARTINEAU. 

In one large and handsome volume, crown octavo. 

HOUSEHOLD EDUCATION. 

BY HARRIET MARTINEAU. 

In one handsome vol., royal 12mo. 

MIRABEAl, A Life History. 

In one iip;ii volume, royal 12mo. 

A TREATISE ON ASTRONOMY, 

BY SIR JOHN F. W. HERSCHEL, F. U.S., kc. 

WITH NUMEROUS PLATES AND WOOD-CUTS. 

A NEW EB1TTON, WITH A FEEFACE AND A SERIES OF QUESTIONS, 

BY S. O. WALKER. 

In one volume. ISmo. 
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MAGNIFICENT PRESENTATION WORK. 



IRISH MELODIES. 

BY THOMAS MOORE, Esq. 

WITH NOTES AND BIOGRAPHICAL PREFACES. 

ILLUSTRATED WITH BEAUTIFUL STEEL PLATES, 

ENGRAVED UNDER THE IMMEDIATE SUPERINTENDENCE OF MR. EDWARD FINDEN. 

In one large imperial quarto volume of 174 pages, handsomely bound in extra 
cloth, with gilt edges. Beautifully printed on superior paper. 

LIST OF PLATES. 
Nora Creina, .... Painted by W. P. Frith, Engr'd by E. Finden. 
Rich and Rare were the Gems she Wore, " W. Fisher, " W tl. Mote. 

Eveleen, " R. T. Bott, " E. Finden. 

Love's Young Dream, " A.Derby, " E. Finden. 

Lesbia, " W. P. Frith, " W. Moll. 

Kathleen and St. Kevin, - - " E. Ilawkes, " W. Holl. 

The Hamlet's Pride, .... " W. Room, " W. Edwards. 

Laughing Eyes, ---..» W. P. Frith, " E. Finden. 

The Mountain Sprite, ... " F. Wood, " E. Finden. 

The Desmond's Love, - - - - " F. Crowley, " W. Edwards. 

The care which has been exercised in every portion of this volume, both as lo its 
mechanical and arlistical execution, renders it in all respects well worihy of the 
'•Irish Melodies." In illustrations, type, printing, paper, and binding, it is equal to 
anything that has as yet appeared in tins country ; and, as a work whose attraction is 
not confined to a single season, it should command the attention of the public. 

Now Ready.— MACKAY'S TRAVELS IN THE UNITED STATES. 

THE WESTERN WORLD; 

OR, TRAVELS IN THE UNITED STATES. 

EXHIBITING THEM IN THEIR LATEST DEVELOPMENT, SOCIAL, POLITICAL, 
AND INDUSTRIAL. 

INCLUDING A CHAPTER ON CALIFORNIA. 
BY ALEXANDER MACKAY, Esq. 

FROM THE SECOND AND ENLARGED LONDON EDITION. 

In two very neat vols., royal 12mo. 

READINGS FOR THE YOUNG. 

FROM THE WORKS OF SIR WALTER SCOTT. 

WITH NUMEROUS AND BEAUTIFUL PLATES. 

In two very handsome vols., royal 18mo., crimson cloth 

DOMBEY AND SON, COMPLETE. 

BY CHARLES DICKENS. 
In one large octavo vol. of 320 double-columned pages, with 16 plates, price 50 cents. 

ALSO, AN EDITION ON FINE PAPER, WITH 40 PLATES, KXTRA CLOTH. 

DICKENS'S DAVID COPPERFIELD. 

PUBLISHING IN NUMBERS. WITH PLATES, PRICE 5 CKNTS EACH. 
Uniform with Lea & Blanchard's complete edition of Dickens's Novels and Tales. 

ALSO, 

Part I of the Cheap Edition, 

TO BE COMPLETE IN TWO PARTS. 

Price 25 Cents each. 
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LIBRARY OF ILLUSTRATED SCIENTIFIC WORKS. 

UNDER THIS TITLE LEA & BLANCHARD ARE PUBLISHING 

A SERIES OF BEAUTIFULLY ILLUSTRATED WORKS, 

ON VARIOUS BRANCHES OF SCIENCE, 

By the most distinguished men in their respective departments. 

Printed in the handsomest style, and embellished in the most efficient manner. 

HT" No expense has been or will be spared to render this series worthy of the sup- 
port of the scientific public, and at the same lime one of the handsomest specimens of 
typographical and artistic execution which has appeared in this country. 

Specimen of the Engravings and style of the volumes may be had on application to the 

publishers. 

MTJLLER'S PHYSICS-LATELY ISSUED. 

pbincIples 

OP 

PHYSICS AND METEOROLOGY. 

BY PROFESSOR J. MULLER, M. D. 

EDITED, WITH ADDITIONS, BY R. EGLESFELD GRIFFITH, M. D. 

In one large and handsome octavo volume, with 550 wood-cuts, and two 
colored plates. 

This is a large, elegant, and most admirable volume — thefirst of a series of scien- 
tific hooks now passing through the press in London, and which cannot fail to com- 
mend themselves to the favor of all who take any interest in the progress of science 
among the great mass of the people. The author is one of the most distinguished 
scientific men in Germany, and these works have been prepared with the utmost 
care, and are put forth in a form admirably adapted to secure that wide circulation 
and universal favor which they deserve. — N. Y. Courier and Inquirer. 

NOW READY. 

PRACTICAL - PHARMACY. 

COMPRISING THE ARRANGEMENTS, APPARATUS. AND MANIPULA- 
TIONS OF THE PHARMACEUTICAL SHOP AND LABORATORY. 

BY FRANCIS MOHR, Ph. D., 

Assessor Pharmacia: of the Royal Prussian College of Medicine, Coblentz; 

AND THEOPHILUS REDWOOD, 

Professor of Pharmacy in the Pharmaceutical Society of Great Britain. 

EDITED, WITH EXTENSIVE ADDITIONS, 

BY PROFESSOR WILLIAM PROCTER, 

Of the Philadelphia College of Pharmacy. 
In one handsomely printed octavo volume, of 570 pages, with over 500 en- 
gravings on wood. 
In Preparation, work* on Metallurgy, Pood, the Steam Engine, 
Machine*, JIntronomy, Hural Economy, *V. 
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liibrary of Illustrated Scientific Worlts.— Continued. 

KNAFP'S CHEMICAL TECHNOLOGY. 

TECHN010GT; 

OR, CnEMISTRY APPLIED TO THE ARTS AND TO MANUFACTURES 
BY DR. F. KNAPP, 

Professor at the University of Giessen. 

Edited, with numerous Notes and Additions, by 

DR. EDMUND RONALDS, and DR. THOMAS RICHARDSON. 

First American Edition, with Notes and Additions, 

BY PROFESSOR WALTER R. JOHNSON. 

In two handsome octavo volumes, printed and illustrated in the highest style of art. 

Volume One, lately published, with two hundred and fourteen large wood engravings. 
Volume Two, now ready, with two hundred and fifty wood engravings. 

One of the best works of modern times. — New York Commercial. 

We think it will prove the most popular, as it is decidedly the best of the series. 
Written by one who has for many years studied both theoretically and practically the 
processes which he describes, the descriptions are precise, and conveyed in a sim- 
ple unpretending style, so that they are easily understood, while they are sufficiently 
full in detail to include within them everything necessary to the entire comprehen- 
sion of the operations. The work is also carefully brought down to include the most 
recent improvements introduced upon the continent of Europe, and thus gives us full 
descriptions of processes to which reference is frequently made in other works, while 
many of them are, we believe, now for the first time presented in a complete state to 
the English reader. — Franklin Institute Journal. 

WEISBACH'S MECHANICS. 

PRINCIPLES OF ~THE MECHANICS 

OF MACHINERY AND ENGINEERING, 

By Professor JULIUS WEISBACH. 

TRANSLATED AND EDITED 

BY PROFESSOR GORDON, OF GLASGOW. 

First American Edition, -with Additions, 

Br Prof. WALTER R. JOHNSON. 

In two Octavo Volumes, beautifully printed. 

Volume One, with five hundred and fifty illustrations, just issued. 
Volume Two, with three hundred and thirty illustrations, now ready. 

This work is one of the most interesting to mathematicians thai has been laid be- 
fore us lor some tune; and we may safely term it a scientific gem.— The Builder 

The most valuable contribution to practical science that has yet appeared in this 
country. — Athenceum. 

In every way worthy of being recommended to our readers —Franklin Institute 
Journal. 

From Charles H. Haswell, Esq., Engineer in Chief, U. S. N. 
The design of the author in supplying the instructor with a guide for teaching, and 
[he Student with an auxiliary for the acquirement of the science of mechanics, has. 
in my opinion, been attained in a most successful manner. The illustrations, in the 
fullness of their construction, and in typographical execution, are wiihom a parallel. 
It will afford me much pleasure to recommend i is use by the members of the pro- 
fession vviili which 1 am connected. 
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SCHMITZ & ZUMPT'S CLASSICAL SERIES, 

VOLUME I. 

C. JULII CAESARIS 

COMMENTARII DE BELLO GALLICO. 

WITH AN INTRODUCTION, NOTES, AND A GEOGRAPHICAL INDEX IN ENGLISH. 

ALSO, A MAP OF GAUL, AND ILLUSTRATIVE ENGRAVINGS. 
In one handsome ISmo. volume, of 232 pages, extra cloth, price 50 cts. 

VOLUME II. 

PUBLII VIRGILII MAR ! >NIS CARMINA. 

WITH AN INTRODUCTION AND NOTES. 
In one handsome l£mo. volume, of 433 pages, extra cloth, price 75 cts. 

VOLUME III. 

C. CRISPI SALLUSTII CATALINA ET JUGURTHA. 

WITH INTRODUCTION, AND NOTES IN ENGLISH. 

ALSO, A MAP OF NUMIDIA AND OTHER ILLUSTRATIVE ENGRAVINGS. 

In one handsome ISmo. volume, of 163 pages, extra cloth, price 50 cts. 
VOLUME IV.— Now Ready. 

LATIW GRAMIAR. 

BY LEONHARD SCHMITZ, Ph.D., F. R.S.E., 

RECTOR OF THE HIGH SCHOOL, EDINBURGH. 

In one handsome ISmo. volume, of 319 pages, neatly half-bound, price 60 cts. 
VOLUME V.— Now Ready. 

Q. CURTII RUFI DE GESTIS ALEXANDRI MAGNI. 

LIBRI QUI SUPERSUNT VIII. 

WITH A MAP, INTRODUCTION, ENGLISH NOTES, &C. 

In one handsome ISmo. volume, of 320 pages, price 70 cents. 
VOLUME VI.— Now Ready. 

M. TIJLLTI CICER0NIS 0RATI0NES SELECTS XII. 

WITH INTRODUCTION, ENGLISH NOTES, &C. &C. 

In one handsome ISmo. volume. 
VOLUME VI I.— Nearly Ready. 

INTRODUCTION TO THE LATIN GRAMMAR. 

BY LEONHARD SCHMITZ, Ph. D., F. R. S. E., &c. 
In one handsome ISmo. volume. 

The neatness, cheapness, and accuracy of this series, together with its 
skillful adaptation to the wants both of teachers and students, have secured 
ttthf almost untversal approbation of those to whom it has been subm.tted. 
From among the very numerous testimonials which the publtshers have re- 
ceived, they beg to submit the following 
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Schnttt* and XumpVs Classical Series.— Continued. 

From Prof. Roche, Transylvania University, Lexington, Ky., March 31, 1849. 
Whatever influence my position may give me shall be most cheerfully employed in 
bringing into general use in the West these very valuable works. I trust that you 
will prosecute to a close the proposed series, and that the execution of those that re- 
main to complete a Latin Curriculum may be as neat and in all respects as unex- 
ceptionable as that of those already published. 

From Prof. John Wilson, Prep. Dep. Dickinson College, Carlisle, Bee. 8, 1848. 
I have examined the three volumes with considerable care, and can give them my 
unqualified approbation. The plan is judicious, and the execution worthy of all praise. 
The notes comprise all that a student needs, and all that he should have ; and their 
position at the foot of the page is just what it should be. 

From Prof. E. E. Wiley, Emory and Henry College, Va. Nov. 30, 1848. 
From the cursory examination given them, I must say that I have been highly grati- 
fied. Such a series as you propose giving to the public is certainly a great desidera- 
tum. Our classical textbooks have heretofore been rendered entirely too expensive, 
by the costly dresses in which they have appeared, and by the extensive display of 
notes appended ; many of wlvch, though learned, are of little worth to the student in 
elucidating the text. It will afford me pleasure to introduce into my department such 
books of your series as may be in our course. 

From S. H. Taylor, Esq., Andover, Mass., Oct 30, 1848. 
The notes seem to me very accurate, and are not so numerous as to do for the stu- 
dent what he ought to do for himself. I can with safety, therefore, recommend it to 
my pupils. 

From Prof. M. M. Campbell, Principal of the Grammar School. Indiana University, 
Nov. 6, ls4S. 
I like the plan of your series I feel sure it will succeed, and thus displace some of 
the learned lumber of our schools. The notes, short, plain, and apposite, are placed 
where they ought to be, and furnish the learner just about help enough. 

From Philip Lindsley, D. D., Pres. of the University of Nashville, Nov. 27, 1848. 
The classical series, edited by Drs. Schmitz and Zumpt. has already acquired a 
high and well-meriled reputation on both sides of the Atlantic. I have carefully ex- 
amined your editions of Caesar and Virgil. I think them admirable text-books for 
schools, and preferable to all others. I shall avail myself of every suitable occasion 
to recommend them. 

From B. Sanford, Esq., Bridgewater. Mass., Jan. 17, 1849. 
I have examined, with considerable care, both the Caesar and the Virgil, and am 
much pleased with the plan and execution of the series ihus far. I am particularly 
gratified with the propriety and judgment displayed by the editors in the preparation 
of the notes ; avoiding, as I think the prolixity and profuseness of some of our class- 
ical works, and. at the same lime, the barrenness and deficiency of others ; giving a 
body of annotations better suited to aid the teacher in imparling a knowledge of the 
language, than is to be found in any edition heretofore in use. 

From Prof. Sturgess, Hanover College, Indiana, Dec. 30, 1848. 
The mere name of the editors is a sufficient and most ample guarantee of the accu- 
racy ofthe text, the judicious choice of various readings, iiinl ill,- conformity of those 
adopted to the latest investigations of MSS., and the results ofthe most enlightened 
criticism. The notes I have not examined very carefully, except those of the Virgil. 
They are admirable, extremely condensed, and conveying a great deal of most valu- 
able criticism in the briefest possible way. They are particularly valuable for their 
n?stheti"al remarks, anil the frequent references to parallel passages in the same au- 
thor. The preliminary life is excellent, and of great value 10 the student. The Sal- 
lust appears to be of the same general character, and the noies to furnish just such 
help as the diligent student really needs. I think that in bringing out such a course 
at a cheap rale you are conferring a great boon on the country, and additional honor 
on your press, already so distinguished for the value of us issues. 
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SHAW'S ENGLISH LITERATURE. 

OUTLINES OF ENGLISH LITERATURE. 

BY THOMAS B. SHAW, 

Professor of English Literature in the Imperial Alexander Lyceum of St. Petersburg. 
In one large and handsome royal 12mo. volume. 

A valuable and very interesting volume, which for various merits will gradually 
find its way into all libraries. — N. Y. Knickerbocker. 

Supplies a want long and severely felt. — Southern Literary Gazette. 

Traces our literary history with remarkable zest, fairness, and intelligence.— N. Y. 
Home Journal. 

An admirable work — graphic and delightful. — Pennsylvanian. 

The best publication of its size upon English literature that we have ever met with. 
— Seal's Saturday Gazette. 

Eminently readable. — City Item. 

A judicious epitome — well adapted for a class-book, and at the same time worthy of 
a place in any library. — Penn. Inquirer. 

From the Rev. W. G. T. Shedd, Professor of English Literature in the University of Vt. 

Burlington, May 18, 1849. 

I take great pleasure in saying that it supplies a want that has long existed of a 
brief hisibry of English literature, written in the right method and spirit, to serve as 
an introduction to the critical study of it. 1 shall recommend tlie book to my classes. 

FOSTER'S EUROPEAN LITERATURE.— Now Ready. 

HANDBOOK OF MODERN EUROPEAN LITERATURE: 

British, Danish, Dutch, French, German, Hungarian, Italian, Polish and Rus- 
sian, Portuguese, Spanish, and Swedish. 
"With a full Biographical and Chronological Index. 
BY MRS. FOSTER. 

In one large royal 12mo. volume, extra cloth. 

(UNIFORM WITH SHAW'S OUTLINES OF ENGLISH LITERATURE.) 

Thi« compilation will prove of great utility to all young persons who have just com- 
pleted their academical studies. The volume gives both a general and particular 
view of the literature ofEurope from the revival of letters to the present day. It is 
compiled with care and judgment, and is, in all respects, one of the mosi instructive 
works that could be placed in the hands of young persons.— Morning- Herald. 

ATLAS TO DANA ON CORALS. 

In one large Imperial folio volume, with Sixty-one Plates, 
Drawn and Colored after Nature, by the best Artists. 

Beautifully and strongly bound in half morocco. 

Of this magnificent work but a very few copies have been offered for sale, and these 

are nearly exhausted. Those who are denrous of enriching their libraries with so 

spTendid a specimen of Amencan Art and Science will therefore do well to procure 

copies at once. ^ ^^ COPIES STII.L ON HAND OF 

DANA ON CORALS AND ZOOPHYTES. 

Being Volume VLU. of the United States Exploring Expedition Publications. 
WILKES'S CALIFORNIA— A New Work, Just Issued. 

WESTERN AMERICA, 

INCLUDING OREGON AND CALIFORNIA. 

With Maps of those Regions and of the Sacramento Valley. 

BY CHARLES WILKES, U. S. N., 

Commander of Hie United States Exploring Expedition. 
Octavo. Price 75 cents. 
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CAMPBELL'S LORD CHANCELLORS. 

JUST PUBLISHED. 



LIVES OF THE LORD CHANCELLORS AND KEEPERS OF THE 
GREAT SEAL OF ENGLAND, 

FROM THE EARLIEST TIMES TO THE REIGN OF KING GEORGE IV., 

BY JOHN LORD CAMPBELL, A.M., F.R.S.E. 

First Series, forming three neat volumes in demy octavo, extra cloth. 
Bringing the work to the time of Lord Jeffries. 

THE SECOND SERIES WILL SHORTLY FOLLOW IN FOUR VOLUMES TO MATCH. 

" It is sufficient for us to thank Lord Campbell for the honest industry with which he has thus fai 
prosecuted his large task, the general candor and liberality with which he has analyzed the lives 
and characters of a long succession of influential magistrates and ministers, and the manly style 
of his narrative. We need hardly say that we shall expect with great interest the continuation 
of this performance. But the present series of itself is more than sufficient to give Lord Campbell 
a high station among the English authors of his age."— Quarterly Review. 

" The volumes teem with exciting incidents, abound in portraits, sketches and anecdotes, and are 
at once interesting and instructive. The work is not only historical and biographical, but it is 
anecdotal and philosophicaL Many of the chapters embody thrilling incidents, while as a whole, 
the publication may be regarded as of a high intellectual order."— Inquirer. 

"A work in three handsome octavo volumes, which we shall regard as both an ornament and an 
honor to our library. A History of the Lord Chancellors of England from the institution of the 
office, is necessarily a History of the Constitution, the Court, and the Jurisprudence of the King- 
dom, and these volumes teem with a world of collateral matter of the liveliest character for the 
general reader, as well as with much of the deepest mterest for the professional or philosophical 
mind." — Saturday Courier. 

" The brilliant success of this work in England is by no means greater than its merits. It is 
certainly the most brilliant contribution to English history made within our recollection ; it has 
the charm and freedom of Biography combined with the elaborate and careful comprehensiveness 
uf History."— N. Y. Tribune. 

MURRAY'S ENCYCLOPAEDIA OF GEOGRAPHY. 



THE ENCYCLOP/EDIA OF GEOGRAPHY, 

COMPRISINQ 

A COMPLETE DESCRIPTION OF THE EARTH, PHYSICAL, 
STATISTICAL, CIVIL AND POLITICAL. 

EXHIBITING 

ITS RELATION TO THE HEAVENLY BODIES. ITS PHYSICAL STRUCTURE, THE 

NATURAL HISTORY OF EACH COUNTRY, AND THE INDUSTRY, 

COMMERCE, POLITICAL INSTITUTIONS, AND CIVIL 

AND SOCIAL STATE OF ALL NATIONS. 

BY HUGH MURRAY, F.R.S.E., &c. 

Assisted in Botany, by Professor HOOKER— Zoology, <tc, by W. W. SWAIN SON— Astronomy, &c. 

by Professor WALLACE— Geology, <tc, by Professor JAMESON. 

REVISED, WITH ADDITIONS, 

BY THOMAS G. BRADFORD. 

THE WHOLE BROUGHT UP, BY A SUPPLEMENT, TO 1843. 
In three large octavo volumes. 

VARIOUS STYLES OF BINDING. 

This great work, furnished at a remarkably cheap rate, contains about 
Nineteen Hundred large imperial Pages, and is illustrated by Eighty- 
Two small Maps, and a colored Map of the United States, after Tan 
ner's, together with about Eleven Hundred Wood Cuts executed in the 
best style. 



CATALOGUE 

OP 

LEA AND BLANCHARD'S 

PUBLICATIONS. 
THE AMERICAN ENCYCLOPAEDIA. 

BROUGHT UP TO 1847. 



THE ENCYCLOPEDIA AMERICANA: 

A POPULAR DICTIONARY 

OF ARTS, SCIENCES, LITERATURE, HISTORY, POLITICS 
AND BIOGRAPHY. 

IN FOURTEEN LARGE OCTAVO VOLUMES OF OVER SEX HUNDRED DOUBLE 
COLUMNED PAGES EACH. 

For sale very low, in various styles of binding. 

During the long period which this work has been before the public, it 
has attained a very high character as an 

ENCYCLOPEDIA FOR DAILY REFERENCE, 

Containing, in a comparatively moderate space, a vast quantity of informa- 
tion which is scarcely to be met with elsewhere, and of the exact kind 
which is wanted in the daily exigencies of conversation and reading. It 
has also a recommendation shared by no other work of the kind now before 
the public, in being an American book. The numerous American Biogra- 
phies, Accounts of American Inventions and Discoveries, References to our 
Political Institutions, and the general adaptation of the whole to our own 
peculiar habits and modes of thought, peculiarly suit it to readers in this 
country. From these causes, it is also especially fitted for all 

DISTRICT SCHOOL AND OTHER PUBLIC LIBRARIES, 

in some of which it has been tried with great satisfaction. It fulfils, to a 
greater extent than perhaps any similar work, the requirements for these 
institutions, presenting, in a small compass and price, the materials of a 
library, and furnishing a book for every-dav use and reference, indispensable 
to those removed from the large public collections. 

iSome years having elapsed since the original thirteen volumes of the 
ENCYCLOPEDIA AMERICANA were published, to bring it up to 
the present day, with the history of that period, at the request of numerous 
subscribers, the publishers have just issued a 

SUPPLEMENTARY VOLUME (THE FOURTEENTH), 
BRINGING THE WORK UP TO THE YEAR 1847 

EDITED BY HENRY VETHAKE, LL.D. 

Vice-Provost and Professor of Mathematics in the University of Pennsylvania, Author of 
"A Treatise on Political Economy." 

In one large octavo volume of over 650 double columned pages. 
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ENCYCLOPEDIA AMERICANA. 



The numerous subscribers who have been waiting the completion of this 
volume can now perfect their sets, and all who want 

A REGISTER OF THE EVENTS OF THE LAST FIFTEEN 
YEARS, FOR THE WHOLE WORLD, 

can obtain this volume separately : price Two Dollars uncut in cloth, or 
Two Dollars and Fifty Cents in leather, to match the styles in which the 
publishers have been selling sets. 

Subscribers in the large cities can be supplied on application at any of the 
principal bookstores ; and persons residing in the country can have their 
sets matched by sending a volume in charge of friends visiting the city. 

Complete sets furnished at very low prices in various bindings. 

" The publishers of the Encyclopaedia Americana conferred an obligation on the public when, 
fourteen years ago, they issued the thirteen volumes from their press. They contained a wonder- 
ful amount of information, upon almost every subject which would be likely to occupy public 
attention, or be the theme of conversation in the private circle. Whatever one would wish to 
inquire about, it seemed only necessary to dip into the Encyclopaedia Americana, and there the 
outline, at least, would be found, and reference made to those works which treat at large upon the 
subject. It was not strange, therefore, that the work was popular. But in fourteen years, great 
events occur. The last fourteen years have been full of them, and great discoveries have been 
made in sciences and the arts ; and great men have, by death, commended their names and deeds 
to the fidelity of the biographer, so that the Encyclopaedia that approached perfection in 1832, 
might fall considerably behind in 1846. To bring up the work, and keep it at the present point, has 
been a task assumed by Professor Vethake, of the Pennsylvania University, a gentleman entirely 
competent to such an undertaking ; and with a disposition to do a good work, he has supplied a 
supplementary volume to the main work, corresponding in size and arrangements therewith, and 
becoming, indeed, a fourteenth volume. The author has been exceedingly industrious, and very 
fortunate in discovering and selecting materials, using all that Germany has presented, and resort- 
ing to every species of information of events connected with the plan of the work, since the pub- 
lication of the thirteen volumes. He has continued articles that were commenced in that work, 
and added new articles upon science, biography, history, and geography, so as to make the present 
volume a necessary appendage in completing facts to the other. The publishers deserve the 
thanks of the readers of the volume, for the handsome type, and clear white paper they have used 
m the publication." — United States Gazette. 

" This volume is worth owning by itself, as a most convenient and reliable compend of recent His- 
tory, Biography, Statistics, <tc, <tc. The entire work forms the cheapest and probably now the 
most desirable Encyclopaedia published for popular use." — New York Tribune. 

" The Conversations Lexicon (Encyclopedia Americana) has become a household book in all the 
intelligent families in America, and is undoubtedly the best depository of biographical, historical, 
geographical and political information of that kind which discriminating readers require." — Silli- 
man's Journal. 

"This volume of the Encyclopaedia is a Westminster Abbey of American reputation. What 
names are on the roll since 1833 !"— N. Y. Literary World. 

" The work to which this volume forms a supplement, is one of the most important contributions 
that has ever been made to the literature of our country. Besides condensing into a compara- 
tively narrow compass, the substance of larger works of the same kind which had preceded it, it 
contains a vast amount of information that is not elsewhere to be found, and is distinguished, not 
less for its admirable arrangement, than for the variety of subjects of which it treats. The present 
volume, which is edited by one of the most distinguished scholars of our country, is worthy to 
follow in the train of those which have preceded it. It is a remarkably felicitous condensation 
of the more recent improvements in science and the arts, besides forming a very important addi- 
* in to the department of Biography, the general progress of society, *C, &r " -Albany Argus 
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N I E B U HR'S ROME. 

THE HISTORY OF ROME, 

BY B. G. NIEBUHR. 

COMPLETE IN TWO LARGE OCTAVO VOLUMES. 

Done up in extra cloth ; or five parts, paper, price $1.00 each. 

The last three parts of this valuable book have never before been published in this country, bav- 
in" only lately been printed in Germany, and translated in England. The two last of these com- 
prise Professor Niebuhr's Lectures on the latter part of Roman History, so long lost to the world. 

" It is an unexpected surprise and pleasure to the admirers of Niebuhr — that is, to all earnest stu- 
dents of ancient history — to recover, as from the grave, the lectures before us." — Eclectic Review. 

" The world has now in Niebuhr an imperishable model." — Edinburgh Review, Jan. \SM. 

" Here we close our remarks upon this memorable work, a work which, of all that have appeared 
in our age, is the best fitted to excite men of learning to intellectual activity : from winch the most 
accomplished scholar may gather fresh stores of knowledge, to which the most experienced politi- 
cian may resort for theoretical and practical instruction, and which no person can read as it ought 
to be read, without feeling the better and more generous sentiments of his common human nature 
enlivened and strengthened." — Edinburgh Review. 

" It is since I saw you that I have been devouring with the most intense admiration the third 
volume of xViebuhr. The clearness and comprehensiveness of all his military details is a new 
feature in that wonderful mind, and how inimitably beautiful is that brief account of Term."— Dr 
Arnold (Life, vol. ii.) 

PROFESSOR RANK E^JlJ STORICaT WORKS. 

HISTORY OP THE POPES, 

THEIR CHDRCH AND STATE, IN THE SIXTEENTH AND SEVENTEENTH CENTURIES- 
BY LEOPOLD KANKE. 

TRANSLATED FROM THE LAST EDITION OF THE GERMAN, BY WALTER K. KELLY, ESQ., B. A. 

In two parts, paper, at §1.00 each, or one large volume, extra cloth 

"A hook extraordinary for its learning and impartiality, and for its just and liberal views of the 
tunes it describes. The best compliment that can be paid to Mr. Ranke, is, that each side has 
accused him of partiality to its opponent; the German Protestants complaining that his work is 
written in too Catholic a spirit ;— the Catholics declaring, that generally impartial as he is, it is 
clear to perceive the Protestant tendency of the history." — London Times. 

THE TURKISH AND SPANISH EMPIRES, 

IN THE SIXTEENTH CENTURY AND BEGINNING OF THE SEVENTEENTH, 
BY PROFESSOR LEOPOLD RANKE. 

TRANSLATED FROM THE LAST EDITION OF THE GERMAN, BY WALTER K. KELLY, ESQ. 

Complete in one part, paper, price 75 cents. 
This work was published bv the author iD connexion with the " History of the Popes," under 
the name of •' Sovereigns and nations of Southern Europe, in the Sixteenth and .Seventeenth Cen- 
turies." It may be used separately, or bound up with that work, for vvluch purpose two titles will 
be found in it. 

HISTORY OP THE REFORMATION IN GERMANY, 

BY PROFESSOR LEOPOLD RANKE. 
PARTS FIRST, SECOND AND THIRD NOW READY. 

TRANSLATED FROM THE SECOND EDITION, BY SARAH AUSTIN. 
To be completed in Five parts, each part containing one volume of the London edition. 
" Few modern writers possess such qualifications for doing justice to so great a subject as Leo 
pold Ranke.— Indefatigable in exertions, he revels in the toil of examining archives and state 
papers- honest in purpose, he shapes his theories from evidence; not like D'Anbigne, whose 
romance of the Reformation selects evidence to support preconceived theory. Ranke never forgets 
the statesman in the theologian, or the historian in the partisan.''— Athena-um. 

brougham: on the French revolution. 

One volume 12mo., paper, price 50 cents. 

STUDIES OF THE LIFE OF WOMAN. 

FROM THE FRENCH OF MADAME NECKER DE SAUSSURE. 
In one neat 12mo. volume, fancy paper. Price 75 cents. 

THE EDUCATION OF MOTHERS; OR, CIVILIZATION OF 
MANKIND BY WOMEN. 

FROM THE FRENCH OF L. A1ME MARTIN. 
In one 12mo volume, paper, price 75 cents ; or in extra cloth 
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GRAHAME'S COLONIAL HISTORY. 



HISTORY OF THE UNITED STATES. 

PROM THE PLANTATION OF THE BRITISH COLONIES 

TILL THEIR ASSUMPTION OF INDEPENDENCE. 

SECOND AMERICAN EDITION, 

ENLARGED AND AMENDED, 

WITH A MEMOIR BY PRESIDENT QUINCY. 

IN TWO LARGE OCTAVO VOLUMES, EXTRA CLOTH, 
WITH A PORTRAIT. 

This work having assumed the position of a standard history of this 
country, the publishers have been induced to issue an edition in smaller size 
and at a less cosi, thai its circulation may be commensurate with its merits. 
It is now considered as the most impartial and trustworthy history that has 
yet appeared. 

A few copies of the edition in four volumes, on extra fine thick paper, 
price eight dollars, may still be had by gentlemen desirous of procuring a 
beautiful work for their libraries. 

" It is universally known to literary men as, in its original form, one of the earliest histories of 
this country, and certainly one of the best ever written by a foreigner. It has been constantly and 
copiously used by every one who has, since its appearance, undertaken the history of this country. 
In the course of the memoir prefixed to it, it is vindicated from the aspersions cast on it by Mr. 
Bancroft, who, nevertheless, has derived from it a vast amount of the information and documentary 
material of his own ambitious, able and extended work. It is issued in two volumes, and cannot 
fail to fitd its way to every library of any pretensions. — Nete York Courier and Enqmrer. 

COOPER'S NAVAL HISTORY. 



HISTORY OF THE NAVY OF THE UNITED STATES OF AMERICA, 

BY J. FENIMORE COOPER. 

THIRD EDITION, WITH CORRECTIONS AND ADDITIONS. 

Complete, two volumes in one, neat extra cloth, 

With a Portrait of the Author, Two Maps, and Portraits of Paul Jones, Bainbridge, 

Dale, Preble, Decatur, Porter, Perry, and McDonouqh. 

WRAXALL'S HISTORICAL MEMOIRS. 



HISTORICAL MEMOIRS OF MY OWN TIMES, 

BY SIR N. W. WRAXALL. 

ONE NEAT VOLUME, EXTRA CLOTH. 

This is the work for which, in consequence of too truthful a portraiture of Catherine II., the 
author was imprisoned and fined. Taught by this experience, liis succeeding memoirs he sup- 
pressed until after his death. 

WRAXALL'S POSTHUMOUS MEMOIRS. 



POSTHUMOUS MEMOIRS OF HIS OWN TIMES, 

BY SIR N. VV. WRAXALL. 

IN ONE VOLUME, EXTRA CLOTH. 

This work contains much secret and amusing anecdote of the prominent personages of the day, 
which rendered its posthumous publication necessary 
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ROSCOE'S LIVES OF THE KINGS OF ENGLAND. 

TO MATCH MISS STRICKLAND'S "QUEENS." 

VOLUME ONE, CONTAINING THE 

LIFE OF WILLIAM THE CONQUEROR. 

In neat royal duodecimo, extra cloth, or fancy paper. 

"The historical reader will find this a work of peculiar interest. It displays throughout the 

most pains-taking research, and a style of narrative which has all the lucidity and strength ol 

Gibbon. It is a work with which, shedding such a light as we are justified in saying it will do 

upon English history, every library ought to be provided."— Sunday Times. 

MEMOIRS OF THE LOVES OF THE POETS. 

Biographical Sketches of Women celebrated in Ancient and 

Modern Poetry. 

BY MRS. JAMIESON. 
In one royal duodecimo volume, price 75 cents. 

FREDERICK THE GREAT, HIS COURT AND TIMES. 
EDITED, WITH AN INTRODUCTION, BY THOMAS CAMP- 
BELL, ESQ., AUTHOR OF THE "PLEASURES OF HOPE." 
Second Series, in two duodecimo volumes, extra cloth. 

HISTORY OF CONGRESS, 

►■YHrRlTlN'G A CLASSIFICATION OF THE PROCEEDINGS OF THE SENATE AND THE 
"HOUSE OF RKPBESENTATIVES. FROM 1789 TO 1793. EMBRACING THE FIRST 
TERM OF THE ADMINISTRATION OF GENERAL WASHINGTON. 

In one large octavo volume of over 700 pages, price only $1.50. 

M O O B. E ' STBTLAND^NOWWM PI. E T E . 
THE HISTORY OF IRELAND, 

FROM THE EARLIEST KINGS OF THAT REALM DOWN TO ITS LATEST CHIEFS. 

In two octavo volumes, extra cloth. 
Mr Moore has at length completed his History of Ireland containing the most troubled and inter- 
esting pcnous through which it has passed. Those who have possessed themselves of the work a. 
far al the Great Expedition against Scotland in 1615, can procure the second volume separate. 

HISTORY OF niTwArTl^^ IN 1815, 

CONTAINING MINUTE DETAILS OF ^BATTLES OF QUATRE-BRAS. LIGNY. WAVRE 

BY CAPTAIN W. SIBORNE. 

In one octavo volume, with Maps and Plans of Battles, &c, viz.: 

X. Part of Belgium • ^^ <^ MftfiW S^'tf ef J^, 
loo. at a quarter past 1 1 oW**, AJK. 7. t lekl ol vv at-emi. ^ ^ ^ p ^ ^ 

OTSS^^^VtW^ "• Part «f Fr.mee.on which is shown 
the advance of the A1 ^^^^^^ ~ 

rrT-JTT BOOK OP ECCLESIASTICAL HISTORY. 

« TE ,MFSEl" PROFESSOR OF THEOLOGY IN GOTTINGEN. TRANSLATED 
"" J - FROM THE THIRD GERMAN EDITION, BY F. CUNNINGHAM. 

In three octavo volumes, containing over 1200 large pages. 

x.t PMBSTrOPOwfvBBSAL HISTORY, 

E I"E W *"*, TI( , pr AN FR0 M THE EARLIEST TIMES TO THE TREAT* 
ON A NEW AMI , SYS1 EMAT C PLAN, rROM ""***„ 0F THE LEADING 
OF VIENNA, 10 w^'^s gINCE that PERIOD. 
BY H. WHITE, B. A. 

gI XTH AMERICAN EDITION. WITH ADD1TIONB 
BY JOHN S. HART, A.M. 

In one large royal 12mo. volume, neat extra cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 

PICCIOLA. 

ILLUSTRATED EDITION. 

PICCIOLA, THE PRISONER OF FENESTRELLA; 

OR, CAPTIVITY CAPTIVE. 
BY X. B. SAINTINK. 

A NEW EDITION, WITH ILLUSTRATIONS. 

In one elegant duodecimo volume, large type, and fine paper; price in fancy covers 
50 cents, or in beautiful extra crimson cloth. 

" Perhaps the most beautiful and touching work of fiction ever written, with the exception of 
Undine," — Alias. 

" The same publishers have shown their patriotism, common sense, and good taste by putting 
forth their fourth edition of this work, with a set of very beautiful engraved embellishments. There 
never was a book which better deserved the compliment. It is one of greatly superior merit to 
Paul and Virginia, and we believe it is destined to surpass that popular work of St. Pierre in popu- 
larity. It is better suited to the advanced ideas of the present age, and possesses peculiar moral 
charms in which Paul and Virginia is deficient. St. Pierre's work derived its popularity from its 
buhl attack on feudal prejudices; Saintine's strikes deeper, and assails the secret infidelity which 
is the bane of modem society, in its stronghold. A thousand editions of Pvxiola will not be too 
many for its merit." — Lady's Book. 

" Tins is a little gem of its kind — a beautiful conceit, beautifully unfolded and applied. The style 
and plot of this truly charming story require no criticism ; we will only express the wish that those 
wlio rely on works of fiction for their intellectual food, may always find those as pure in language 
and beautiful in moral as Picciola." — New York Review. 

" The present edition is got up in beautiful style, with illustrations, and reflects credit upon the 
publishers We recommend to those of our readers who were not fortunate enough to meet with 
Picciola so«e years ago, when it was first translated, and for a season all the rage, to lose no time 
in procuring it now — and to those who read it then, but do not possess a copy, to embrace the op- 
portunity of supplying themselves from the present very excellent edition." — Saturday Evening Fost. 

"A new edition of this exquisite story has recently been issued by Messrs. Lea <t Blanchard, 
embellished and illustrated in the most elegant manner. We understand that the work was com- 
pletely out of print, and a new edition will then be welcomed. It contains a delightful letter from 
the author, giving a painful insight into the personal history of the characters who figure in the 
story." — Evening Bulletin. 

" The most charming work we have read for many a day." — Richmond Enquirer. 

LOVER'S RORY O'MORE. 

ROSY O'MORE-A NATIONAL ROMANCE, 

BY SAMUEL LOVER. 

A new and cheap edition, with Illustrations by the Author. Price only 25 cents. 

Also, a beautiful edition in royal 12mo., price 50 cents, to match the following. 

"A truly Irush, national, and characteristic story." — London Literary Gazette. 

" Mr. I. over has here produced his best work of fiction, which will survive when half the Irish 

sketches with which the literary world teems are forgotten. The interest we take in the varied 

adventures of Kory is never once sintered to abate. We welcome hun with high delight, and 

part from him with regret." — London Sun. 

LOVER'S IRISH STORIES. 

LEGENDS AND STORIES OF IRELAND, 

BY SAMUEL LOVER. 

In one very neat 12mo. volume, fine paper, extra cloth or fancy paper, 

With Illustrations by the Author. 

LOVER'S SONGS AND BALLADS, 

INCLUDING THOSE OF THE "IRISH EVENINGS." 

In one neat 12mo. volume, price 25 cents. 

MARSTON, 
OR THE MEMOIRS OF A STATESMAN AND SOLDIER 

BY THE REV. GEORGE CROLY, 
Author of " Salathiel," " Angel of the World," &c 
In one octavo volume, paper, price fifty cents. 
"A work of high character and absorbing interest."— New Oilcans Bee 
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DON QUIXOTE-ILLUSTRATED EDITION, 

NEARLY READY. 



DON QUIXOTE DE LA MANCIIA, 

TRANSLATED FROM TIC. SPANISH OF 

MIGUEL DE CERVANTES SAAVEDRA 

BY CHA2LES JARVIS, ESQ. 

CAREFULLY REVISED AND CORRECTED, WITH A MEMOIR OF THE AUTHOR AND 
NOTICE OF HIS WORKS. 

WITH NUMEROUS ILLUSTRATIONS, 

BY TONY JOHANNOT. 
In two beautifully printed volumes, crown octavo, rich extra crimson cloth. 




The publisher, are happy in presenting to the admirers of Don Quixote an edition of that work 
mil detee worthy of ,ts reputation and popularity. The want of such a one has Inn, been felt 

r^ h "S^^^ 

L"aamittedtobetheonlysu, of the wrt and humor o 

Tta»J i„ , he bes manner. A copious 

I™ n added by the editor. 'I lu. volumes arc printed in 

,, and Che whole, confidently offered a. 

'" aare - 
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SELECT WORKS OF FIELDING AND SMOLLETT, 

Printed in a neat and uniform style, to match the cheap edition of Dickens's Works. 

SELECT WORKS OF TOBIAS SMOLLETT, 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 
BY SIR WALTER SCOTT. 

THIS EDITION CONTAINS: 
THE ADVENTURES OF RODERICK RANDOM. Price twenty-fire cents. 
THE ADVENTURES OF PEREGRINE PICKLE. Price fifty cents. 
THE EXPEDITION OF HUMPHREY CLINKER. Price twenty-fire cents. 
THE ADVENTURES OF FERDINAND COUNT FATHOM. Price twenty-five cents. 
THE ADVENTURES OF SIR LAUNCELOT GREAVES, THE HISTORY AND ADVENTURES 
OF AN ATOM, AND SELECT POEMS. Price twenty-five cents. 

Or, the whole done up in one very large octavo volume, extra cloth. 

S E L E cTltVmslSrn^ 

WITH A MEMOIR OF HIS LIFE AND WRITINGS, 
BY SIR WALTER SCOTT, 

AND AN ESSAY ON HIS LIFE AND GENIUS, 

BY ARTHUR MURPHY, ESQ. 
THIS EDITION CONTAINS: 
TOM JONES, OR THE HISTORY OF A FOUNDLING. Price fifty cents. 
THE ADVENTURES OF JOSEPH ANDREWS, AND HIS FRIEND MR. ABRAHAM ADAMS 

Price fifty cents. 
AMELIA. Price twenty-five cents. 

THE LIFE OF JONATHAN WILD THE GREAT. Price twenty-fire cents. 
Or, the whole in one large octavo volume, extra cloth. 

cooTTFrT]!! ^ 

A UNZFOEM EDITION, 

IN TWENTY-THREE LARGE DUODECIMO VOLUMES, 

WELL BOUND IN SHEEP GILT, 

Forming a beautiful series, each volume comprehending a novel. 

ALSO, A CHEAP EDITION, 

IN FORTY- SIX VOLUMES, DUODECIMO,! 

DONE UP IN NEAT TAPER COVERS. 

Price only twenty-five cents a volume, each work in two volumes. Any novel 

sold separate. 

COMPRISING: 




ALSO, NED MYERS; OR, A LIFE BEFORE THE MAST, 

In one 12mo. volume. Price twenty -five cents. 

ALSO, COOPER'S SEA TALES, 

In six neat volumes, royal l2mo., extra cloth. 

COOPER'S LEATHER STOCKING TALES, 
In five neat volumes, royal 12mo., extra cloth. 
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BIOGRAPHY AND POETICAL REMAINS 

OF THE LATE 

UAHGABET KILLER DAVIDSON. 
BY WASHINGTON IRVING. 

A NEW EDITION, REVISED. 

POETICAL REMAINS 

OF THE LATE 

LUCRETIA XHAH1A DAVIDSON. 

COLLECTED AND ARRANGED BY HER MOTHER, WITH A BIOGRAPHY BY 

MISS SEDGWICK. 

A NEW EDITION, REVISED. 

SELECTIONS FROM THE 

WRITINGS OF MRS. MARGARET M. DAVIDSON, 

THE MOTHER OF IXCRETIA AND MARGARET. 

WITH A PREFACE BY MISS SEDGWICK. 
l"he above three works are done up to match in a neat duodecimo form, fancy paper, price fifty 
cents each ; or in extra cloth. 

THE LANGUAGE OF FLOWERS, 

WITH ILLUSTRATIVE POETRY; TO WHICH ARE NOW ADDED THE 
CALENDAR OF FLOWERS, AND THE DIAL OF FLOWERS. 

SEVENTH AMERICAN, FROM THE NINTH LONDON EDITION. 

Revised by the Editor of the " Forget-Me-Not." 
In one very neat 18mo. volume, extra crimson cloth, gilt. With six colored Plates. 

CAMPBELL'S POETICAL WORKS, 

THE ONLY COMPLETE AMERICAN EDITION, 

WITH A MEMOIR OF THE AUTHOR BY IRVING, AND AN 
ESSAY ON HIS GENIUS BY JEFFREY. 

In one beautiful crown octavo volume, extra cloth, or calf gilt : with a Portrait and 12 Plates. 

KEBLE'S CHRISTIAN YEAR, 

EDITED BY THE RIGHT REV. BISHOP DOANE. 

Miniature Edition, in 32mo., extra cloth, with Illuminated Title. 

RELIGIO MEDICI, AND ITS SEQUEL, CHRISTIAN MORALS, 

BY SIR THOMAS BROWNE, KT„ 

WITH RESEMBLANT PASSAGES FROM COWPER'S TASK. 
In one neat I2mo. volume. 

HEMANS^TcTmpIeTE POETICAL WORKS, 

IN SEVEN VOLUMES, ROYAL 12M0., PAPER OR CLOTH. 

ROGERS'S POEMS, 

ILLUSTRATED, 
IN ONE IMPERIAL OCTAVO VOLUME, EXTRA CLOTH OR WHITE CALF. 
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DICKENS'S WORKS. 

VARIOUS EDITIONS AND PRICES. 



CHEAPEST EDITION IN NINE PARTS PAPER, 

AS FOLLOWS: 

THE PICKWICK PAPERS, 1 large vol. 8vo., paper, price 50 cents. 
OLIVER TWIST, 1 vol. 8vo., paper, price 25 cents. 
SKETCHES OF EVERY-DAY-LIFE, 1 vol. 8vo., paper, price 37$ cents. 
NICHOLAS NICKLEBY, 1 large vol. 8vo., paper, price 50 cents. 
THE OLD CURIOSITY SHOP, 1 vol. 8vo., paper, with many Cuts, 

price 50 cents. 
BARNABY RUDGE, 1 vol. 8vo., with many Cuts, price 50 cents. 
MARTIN CHUZZLEW1T, 1 vol. 8vo., with plates, price 50 cents. 
CHRISTMAS STORIES.— The Carol, The Chimes, The Cricket on 

the Hearth, and The Battle of Life — together with Pictures from 

Italy, 1 vol. 8vo., price 37£ cents. 
DOMBEY AND SON, Part I., to be completed in Two Parts, price 25 

cents each. 

Forming a neat and uniform Edition of these popular works. Any work sold separately. 

ALSO, 

A UNIFORM AND CHEAP EDITION OF 

DICKENS'S NOVELS AND TALES, 

IN THREE LARGE VOLUMES. 



THE ITOVELS AND TALES OF CHARLES DICKENS, 

(BOZ.) 

In Three large and beautiful Octavo Volumes, done up in Extra Cloth, 

containing about twenty-two hundred and fifty LARGE DOUBLE 

COLUMNED PAGES. 
PRICE FOR THE WHOLE, ONLY THREE DOLLARS AND SEVENTY-FIVE CENTS. 

The frequent inquiries for a uniform, compact and good edition of Boz's works, have induced the 
publishers i<> prepare one. winch they now infer at a price so low that it should command a very 
extended sale It is printed «>n fine white paper, with good type, and forms three large volumes, 
averaging about seven I inn lied and fifty pages each, done up in various st vies of extra cloth, making 
a beautiful and portable edition —Some of the works are illustrated with Wood Engravings. 

This Edition comprehends the first seven parts, and will be completed with the issue of the 
Fourth Volume, on the completion of " Domliey and Son," now in progress of publication, con- 
taining that work, the " Christmas Stones," and " Pictures from Italy." Purchasers may thus rely 
on being able to perfect their sets. 

ALSO, AN EDITION PROFUSELY ILLUSTRATED WITH 

ONE HUNDRED AND THIRTY-FOUR PLATES, AND ONE 
HUNDRED AND FORTY WOOD-CUTS. 

In Imperial octavo, extra cloth, on fine white paper. 

jrjf"The above are the only Complete a nd Uniform Editions of Dickens's Works now 
before the public. 

NOW PUBLISHING, 

DOMBEY AND SON. 

FINE EDITION. 

In twenty numbers, price 8 cents each, with two illustrations by Hablot 

K. Browne in each number. 
This is the only edition which presents the plates accompanying the text to which they refer. 



LEA AND BLANCHARD'S PUBLICATIONS. 

UNITED STATES EXPLOR ING EXPEDITION. 

THE NARRATIVE OF THE 

UNITED STATES EXPLORING EXPEDITION, 

DURING THE YEARS 1838, '39, '40, 41, AND '42. 
BY CHARLES WILKES, ESQ,., U. S.N. 

COMMANDER OF THE EXPEDITION, ETC. 

PRICE TWENTY-FIVE DOLLARS. 
A New Edition, in Five Medium Octavo Volumes, neat Extra Cloth, particularly done 
up with reference to strength and continued use : containing Twenty Six Hun- 
dred Pages of Letter-press, Illustrated with Maps, and about Three 

Hundred Splendid Engravings on Wood. 
PRICE ONLY TWO DOLLARS A VOLUME. 

Though offered a! a price so low. this is the complete work, containing all the letter-press of the 
edition printed for Congress, with some improvements suggested in the course of passing the work 
again through the press. All of the wood-cut illustrations are retained, and nearly all the maps ; 
the large steel plates of the quarto edition being omitted, and neat wood-cuts substituted for forty- 
seven steel vignettes. It is printed on .Sue paper, with large type, bound in very neat extra cloth, 
and forms a beautiful work, with its very numerous and appropriate embellishments. 

The attention of persons forming libraries is especially directed to tins work, as presenting the 
novel and valuable matter accumulated by the Expedition ma cheap, convenient, and readable, form. 

SCHOOL and other PUBLIC LIBRARIES should not be without it. as embodying the results of 
the First Scientific Expedition commissioned by our government to explore foreign regions. 

"We have no hesitation in saving that it is destined to stand among the most enduring monu- 
ments of our national literature. Its contributions not only to every department of science, but 
every" department of history, are immense ; and there is not an intelligent man in the community— 
no matter what may be his taste, or his occupation, but will find something here to enlighten, to 
gratiify, and to profit him." — Albany Relujious Spectator. 



ANOTHER EDITION. 
PRICE TWENTY-FIVE DOLLARS. 

IN FIVE MAGNIFICENT IMPERIAL OCTAVO VOLUMES: 

WITH AN ATLAS OF LARGE AND EXTENDED MAPS. 
BEAUTIFULLY DONE UP IN EXTRA CLOTH. 
This truly great and National Work is issued in a style of superior magnificence 
and beauty containing Sixty-four large and finished Eine Engravings, embracing 
Bo nery Portraits, Manners, Customs, &c, &c. Forty-seven exquisite Steel Vignettes, 
worked among the letter-press; about Two Hundred and Fifty finely-executed Wood- 
cut Illustrations, Fourteen large and small Maps and Charts, and nearly Twenty-siX 
Hundred pages of Letter-press. 

ALSO, A FEW COPIES STILL ON HAND. 

THE EDITION PRINTED FOR CONGRESS, 

IN FIVE VOLUMES, AND AN ATLAS. 

LARGE IMPERIAL QUARTO, STRONG EXTRA CLOTH. 

PRICE SIXTY DOLLARS. 



JUST ISSUED, 

THE ETHNOGRAPHY AND PHILOLOGY OF THE UNITED 
STATES EXPLORING EXPEDITION, 

UNDER THE COMMAND OF CHARLES WILKES, ESQ., U. S. NAVY. 
BY HORATIO HALE, 

PH1LOLOOIST TO THE EXPEDITION. 

In one large imperial octavo volume of nearly seven hundred page* With two Maps, printed to 
in one larfee v ^^ the Congress coples f the « Narrative." 

Price ten dollars, in beautiful extra cloth, done up with great strength. 

♦,» This is the only edition printed, and but few are offered for sale. 

t>,» remainder of the scientific works of the Expedition are in n state of rapid progress The 
volume [on Corals, by ■ J D " Dana, Esq., with an Atlas of Plates, will be shortly realy, to be fol- 
lowed by the others. 
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SMALL BOOKS ON GREAT SUBJECTS. 

A SERIES OF WORKS 

WHICH DESERVE THE ATTENTION OF THE PUBLIC, FROM THE VARIETY AND 

IMPORTANCE OF THEIR SUBJECTS, AND THE CONCISENESS AND 

STRENGTH WITH WHICH THEY ARE WRITTEN. 

They form a neat 18mo. series, in paper, or strongly done up in three neat volumes, extra cloth. 

THERE ARE ALREADY PUBLISHED, 

No. 1.— PHILOSOPHICAL THEORIES AND PHILOSOPHICAL EXPERIENCE. 

2.— ON THE CONNEXION BETWEEN PHYSIOLOGY AND INTELLECTUAL SCIENCE. 
3.— ON MAN'S POWER OVER HIMSELF, TO PREVENT OR CONTROL INSANITY. 
4— AN INTRODUCTION TO PRACTICAL ORGANIC CHEMISTRY, WITH REFER- 
ENCES TO THE WORKS OF DAVY, BRANDE, LIEBIG, &c. 
5.— A BRIEF VIEW OF GREEK PHILOSOPHY UP TO THE AGE OF PERICLES. 
6— GREEK PHILOSOPHY FROM THE AGE OF SOCRATES TO THE COMING OF 

CHRIST. 
7.— CHRISTIAN DOCTRINE AND PRACTICE IN THE SECOND CENTURY. 
8— AN EXPOSITION OF VULGAR AND COMMON ERRORS, ADAPTED TO THE YEAR 

OF GRACE MDCCCXLV. 
9— AN INTRODUCTION TO VEGETABLE PHYSIOLOGY, WITH REFERENCES TO 

THE WORKS OF DE CANDOLLE, LINDLEY, <fcc. 
10— ON THE PRINCIPLES OF CRIMINAL LAW. 
11.— CHRISTIAN SECTS IN THE NINETEENTH CENTURY. 
12— THE GENERAL PRINCIPLES OF GRAMMAR. 
" We are glad to find that Messrs. Lea <t Blanchard are reprinting, for a quarter of their original 
price, this admirable series of little books, which have justly attracted so much attention in Great 
Britain." — Graham's Magazine. 

"The witters of these thoughtful treatises are not labourers for hire ; they are men who have 
stood apart from the throng, and marked the movements of the crowd, the tendencies of society, 
its evils and its errors, and, meditating upou them, have given their thoughts to the thoughtful." — 
London Critic. 

"A series of little volumes, whose worth is not at all to be estimated by their size or price. They 
are written in England by scholars of eminent ability, whose design is to call the attention of the 
public to various important topics, in a novel and accessible mode of publication." — N. Y. Morning 
News. 

MACKINTOSH'S DISSERTATION ON THE PROGRESS 
OF ETHICAL PHILOSOPHY, 

WITH A PREFACE BY 

THE REV. WILLIAM WHEWELL, M. A. 
In one neat 8vo. vol., extra cloth. 

OVERLAND JOURNEY ROUND THE WORLD, 

DURING THE YEARS 1841 AND 1842, 
BY SIR GEORGE SIMPSON, 

GOVERNOR-IN-CHIEF OF THE HUDSON'S BAY COMPANY'S TERRITORIES. 

In one very neat crown octavo volume, rich extra crimson cloth, or in two 
part?, paper, price 75 cents each. 

"A more valuable or instructive work, or one more full of perilous adventure anil heroic entei 
pnse, we have never met with." — John Bull. 

"It abounds with details of the deepest interest, possesses nil the charms of an exciting romanc* 
and Punishes an immense im^s of valuable information." — Inquirer. 



LEA AND BLANCHARD'S PUBLICATIONS. 



POPULAR SCIENCE. 



PHILOSOPHY IN SPORT, MADE SCIENCE IN EARNEST, 

BEING AN ATTEMPT TO ILLUSTRATE THE FIRST PRIN 

CIPLES OF NATURAL PHILOSOPHY, BY THE 

AID OF THE POPULAR TOYS AND 

SPORTS OF YOUTH. 

FROM THE SIXTH AND GREATLY IMPROVED LONDON EDITION. 

In one very neat royal 18mo. volume, with nearly one hundred illustrations on wood. 
Fine extra crimson cloth. 

" Messrs. Lea & Blanchard have issued, in a beautiful maimer, a handsome book, called ' Philoso- 
phy m Sport, made Science in Earnest.' This is an admirable attempt to illustrate the first prin- 
ciples of Natural Philosophy, by the aid of the popular toys and sports of youth. Useful informa- 
tion is conveyed in an easy, graceful, yet dignified manner, and rendered easy to the simplest under- 
standing. The book is an admirable one, and must meet with universal favour." — .ZV. Y. Evening 
Mirror. 

ENDLESS AMUSEMENT. 

JUST ISSUED. 



ENDLESS AMUSEMENT, 

A COLLECTION OF 

NEARLY FOUR HUNDRED ENTERTAINING EXPERIMENTS 
IN VARIOUS BRANCHES OF SCIENCE, 

INCLUDING 

ACOUSTICS, ARITHMETIC, CHEMISTRY, ELECTRICITY, HYDRAULICS, HYDROSTATICS, 

MAGNETISM, MECHANICS, OPTICS, WONDERS OF THE AIR PUMP, ALL THE 

POPULAR TRICKS AND CHANGES OF THE CARDS, <fcc., <tc. 

TO WHICH IS ADDED, 

A COMPLETE SYSTEM OF PYROTECHNY, 

OR THE ART OF MAKING FIRE-WORKS: 

THE WHOLE SO CLEARLY EXPLAINED AS TO BE WITHIN REACH 

OF THE MOST LIMITED CAPACITY. 

WITH ILLUSTRATIONS. 

FROM THE SEVENTH LONDON EDITION. 

In one neat royal 18mo. volume, fine extra crimson cloth. 

This work has Ion? snpplied instructive amusement to the rising generations in England, and 

w, 1 doubtless be haifed with pleasure by those of this country who like and what boy does not 

the marvellous tricks and changes, experiments and wonders afforded by the magic of science and 

jugglery. ___^^^„~~~~~~>~~~v ^^~~~™.~~~~ 

CHEMISTRY OF THE FOUR SEASONS, 

SPRING, SUMMER, AUTUMN, AND WINTER. 

AN ESSAY PRINCIPALLY CONCERNING NATURAL PHENOMENA, ADMITTING OF 

INTERPRETATION BY CHEMICAL SCIENCE, AND ILLUSTRATING 

PASSAGES OF SCRIPTURE. 

BY THOMAS GRIFFITHS, 

PROFESSOR OF CHEMISTRY IN THE MEDICAL COLLEGE OF ST. BARTHOLOMEWS HOSPITAL, ETC. 

In one large royal 12mo. volume, with many Wood-Cuts, extra cloth. 

,i ~<-,v,„ ™,%rt i, «nfnl anrl intpresting of the natural sciences. Chomical 

- Chemistry .s assuredly one of he most useful a d ntorestmg ^ ^ and ^ 

changes meet us at every step, and aurmgevery ^«f°"^" Aml those wll0 have hitherto re- 
frosts each have ^J^SJ^SS&^i ffl 15eh remarkable, and often startling re- 
mained insensible to these changes i wi unm y< f the . p ur Seasons,' and bo prepared to 
suits, will lose their apathy upon re ding the CI. , Mr/ ol ^ ^ ^ anJ 
enjoy the highest mtefiectua I'. 1 "^ '. rts - l . ' ',; ;:,.;.',,'.' /he'Smfration of cultivated minds; and 

Lancet. 
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YOUATT AND SKINNER'S 

STANDARD WORK ON THE HORSE. 



THE HORSE. 

BY WILLIAM YOUATT. 

A NEW EDITION, WITH NUMEROUS ILLUSTRATIONS. 
TOGETHER WITH A 

GENERAL HISTORY OF THE HORSE; 

A DISSERTATION ON 

THE AMERICAN TROTTING HORSE; 

HOW TRAINED AND JOCKEYED. 

AN ACCOUNT OF HIS REMARKABLE PERFORMANCES; 

AND 

A.N ESSA1T ON THE ASS AND THE MULE, 

BY J. S. SKINNER, 
Assistant Post-Mas'.cr-Gcneral, and Editor of the Turf Register. 

This edition of Youatt's well-known and standard work on the Manage- 
ment, Diseases, and Treatment of the Horse, has already obtained such a 
wide circulation throughout the country, that the Publishers need say no- 
thing to attract to it the attention and confidence of all who keep Horses or 
are interested in their improvement. 

" In introducing this very neat edition of Youatt's well-known book, on ' The Horse,' to our 
readers, it is not necessary, even if we had time, to say anything to convince them of its worth; it 
has been highly spoken of, by those most capable of appreciating its merits, and its appearance 
under the patronage of the 'Society for the Diffusion of Useful Knowledge,' with Lord Brougham 
at its head, affords a full guaranty for its high character. The book is a very valuable one, and we 
endorse the recommendation of the editor, that every man who owns the ' hair of a horse,' should 
have it at his elbow, to be consulted like a family physician, 'for mitigating the disoiders, and pro- 
longing the life of the most interesting and useful of ;dl domestic animals.' " — Farmer's Cabinet. 

" This celebrated work has been completely revised, and much of it almost entirely re-written 
by its able author, who, from being a practical veterinary surgeon, and withal a great lover and 
excellent judge of the animal, is particularly well qualified to write the history of the noblest of 
quadrupeds. Messrs. Lea ami Blanchard of Philadelphia have republished the above work, omitting 
a few of the fust pages, and have supplied their place with matter quite as valuable, and perhaps 
more interesting to the reader in this country ; it being nearly 100 pages of a general history of the 
horse, a dissertation on the American trotting horse, how trained and jockeyed, an account of his 
remarkable performances, and an essay on the Ass and Mule, by J. S. Skinner, Esq., Assistant Post- 
jnaster-General, and late editor of the Turf Register and American Farmer. Mr. Skinner is one 
of our most pleasing writers, and lias been familiar with the subject of Die horse from childhood, 
and we need not add that lie has acquitted himself well of the task. He also takes up the import- 
ant subject, to the American bn edcr, of the Ass, and the Mule. Tins lie Heats at length and con 
amort. The Philadelpl lie Horse is a handsome octavo, with numenms wood-cuts."— 

American Agriculturist. 
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HAWKER AND P ORTER ON SHOOTING. 

INSTRUCTIONS TO YOUNG SPORTSMEN 

IN ALL THAT RELATES TO GUNS AND SHOOTING. 
BY LIEtTT. COL. P. HAWKER. 

FROM THE ENLARGED AND IMrROVED NINTH LONDON EDITION, 

TO WHICH IS ADDED THE HUNTING AND SHOOTING OF NORTH AMERICA, WITH 

DESCRIPTIONS OF ANIMALS AND BIRDS, CAREFULLY COLLATED 

FROM AUTHENTIC SOURCES. 

BY W. T. PORTER, ESQ. 

EDITOR OF THE N. Y. SVIRIT OF THE TIMES. 

In one large octavo volume, rich extra cloth, with numerous Illustrations. 

" Here is a book, a hand-book, or rather a text-hook — one that contains the whole routine of the 
science. It is the Primer, tin- lexicon, ami the Homer. Everything; is here, from the minutest 
portion of a gun-lock, to a dead Buffalo, The sportsman who reads this book understanding^, may 
pass an examination. He « ill know the science, and may give advice to others. Every sportsman, 
and sportsmen are plentiful, should own this work. It should be a " vade mecum." He should 
be examined on rid estimated by his abilities to answer. We have not been without 

treatises on the art, but hitherto they have not descended into all the minutiae of equipments and 
qualifications to proceed to the completion. This work supplies deficiencies, and completes the 
sportsman's library." — U. S. Gazette. 

"No man in the country that we wot of is so well calculated as our friend of the ' Spirit' for the 
task he has undertaken, and the result of his labours has been that he has turned out a work which 
should be in the hiuids of every man in the land who owns a double-barrelled gun."— N. 0. Picayune. 

"A volume splendidly printed and bound, and embellished with numerous beautiful engravings, 
which will doubtless be in ereat demand. No sportsman, indeed, ought to be without it, while the 
general reader will find in us pages a fund of curious and useful information. "—Richmond Whig. 



THE BOG, 

BY WILLIAM YOUATT, 

Author of " The Horse," <tc. 

WITH NUMEROUS AND BEAUTIFUL ILLUSTRATIONS. 

EDITED BY E . J. LEWIS, M. D. &c. &c. 

In one beautifully printed volume, crown octavo. 

LIST OF PLATES. 

Head of Bloodhound— Ancient Greyhounds— The Thibet Dog— The Dingo, or New Holland Dog— 

The Danish or Dalmatian Dog— The Hare Indian Dog— The Greyhound— The Grecian Greyhound 

—Blenheims and Cockers— The Water Spaniel— The Poodle— The Alpine Spaniel or Beriiardiue 

Do— The Newfoundland Dog— The Esquimaux Dog— The English Sheep Dug— 1 he Scotch Sheep 

rw— The Beagle— The Harrier— The Foxhound— Plan of Goodwood Kennel— The Southern 

Hound— The Setter— The Pointer— The Bull Dog— The Mastiff— The Terrier— Skeleton of the 

Dog—Teeth of the Dog at seven different ages. 

" Mr Vouatt's work is invaluable to the student of canine history; it is full of entertaining an J 
instructive matter for the general reader. To the sportsman it commends itself by the large amount 
of useful information in reference to his peculiar pursuits which it embodies— information which 
he cannot find elsewhere in so convenient and accessible a form, and with so reliable an authority 
to entitle it to his consideration. The modest preface which Dr. Lewis has made to the American 
Mlitmn of this work scarcely does justice to the additional value he has imparted to it; and the 
publishers are entitled to great credit for the handsome maimer in which they have got it up. — 
North American. ^^ „^^„^^~™™~~~~~~~~ 

THE SPORTSMAN'S LIBRARY, 

OR HINTS ON' HUNTERS, HUNTING, HOUNDS, SHOOTING, GAME, DOGS, GUNS, 
" tt " FISHING, COURSING, Ax., ic. 

BY JOHN MILLS, ESQ., 

Author of " The Old English Gentleman," Ate. 

In one well printed royal duodecimo volume, extra cloth. 

STABLE TALK AND TABLE TALK, 

OR SPECTACLES FOR STOUNG SPORTSMEN. 

BY HARRY HIEOVER. 

In one very neat duodecimo volume, extra cloth. 

"These lively sketches answer to their title very well. Wherever Nimrod is welcome, there 

should be cord al greeting for Harry Hieover. His book is a very clever one, and contains many 

mstruciive hints, aS well as much light-hearted KaAing."-Exanuner. 

THE DOG AND THE SPORTSMAN, 

mraairina THF USES BREEDING TRAINING, DISEASES, ETC, OF DOGS, AND AN 
EOTRA ACCOUNT OP Tift- DIFFERENT KINDS OF CAME, WITH THEIR HABITS. 
Also, Hints to Shooters, witn various useful Recipes, <fcc., &c. 
BY J. S. SKINNER. 

With Plates. In one very t.eat 12mo volume, -ma cloth. 



LEA AND BLANCHARD'S PUBLICATIONS. 

FRANCATELLI'S MO DERN FRENCH COOKERY. 

THE MODERN COOK, 

A PRACTICAL GUIDE TO THK CULINARY ART, IN ALL ITS BRANCHES, ADAPTED AS 

WELL FOR THE LARGEST ESTABLISHMENTS AS FOR THE USE 

OF PRIVATE FAMILIES. 

BY CHARLES ELME FRANC ATELLI, 

Pupil of the celebrated Careme, and late Maitre D'Hotel and Chief Cook to her Majesty the Queen. 
In one large octavo volume, extra cloth, with numerous illustrations. 

" It appears to he the book of books on cookery, being a most comprehensive treatise on that art 
preservative and conservative. The work comprises, in one large and elegant octavo volume, 1447 
recipes for cooking dishes and desserts, with numerous illustrations ; also bills of fare and direc- 
tions for dinners for every month in the year, for ooiupaiues of six persons to twenty-eight. — Sat. 
Intelligencer. 

" The ladies who read our Magazine, will thank us for calling attention to this great work on the 
noble science of cooking, in which everybody, who has any taste, feels a deep and abiding interest. 
Francatelli is the Plato, the Shakspeare, or the Napoleon of his department; or perhaps the La 
Place, for his performance bears the same relation to ordinary cook hooks that the Mecanique 
Celeste does to Daboll's Arithmetic. It is a large octavo, profusely illustrated, and contains every- 
thing on the philosophy of making dinners, suppers, etc, that is worth knowing. — Graluim's Magazine. 

liTssTcTo^^ 

MODERN COOKERY IN ALL ITS BRANCHES, 

REDUCED TO A SYSTEM OF EASY PRACTICE. FOR THE USE OF PRIVATE FAMILIES. 

LN A SERIES OF PRACTICAL RECEIPTS, ALL OF WHICH ARE GIVEN 

WITH THE MOST MINUTE EXACTNESS. 

BY ELIZA ACTON. 

WITH NUMEROUS WOOD-CUT ILLUSTRATIONS. 
TO WHICH IS ADDED, A TABLE OF WEIGHTS AND MEASURES. 

THE WHOLE REVISED AND PREPARED FOR AMERICAN HOUSEKEEPERS. 

BY MRS. SARAH J. HALE. 
From the Second London Edition. In one large 12mo. volume. 
" Miss Eliza Acton may congratulate herself on having composed a work of great utility, and one 
that is speedily finding its way to every ' dresser' in the kingdom. Her Cookery-book is unques- 
tionably the most valuable compendium of the art that has yet been published. It stronely incul- 
cates economical principles, and points out how good things may be concocled without that reck- 
less extravagance which good cooks have been wont to imagine the best evidence they can give of 
skill ui their profession." — London Morning Post. 

„eTo¥i^ 

PLAIN AND PRACTICAL DIRECTIONS FOR COOKING AND HOUSEKEEPING, 

WITH UPWARDS OF SEVEN HUNDRED RECEIPTS, 

Consisting of Directions for the Choice of Meat and Poultry, Preparations for Cooking; Making of 

Broths and Soups ; Boiling, Roasting, Baking and Frying of Meats, Fish. Ac. ; Seasonings, 

Colorings, Cooking Vegetables; Preparing Salads ; Clarifying; Making of Pastry, 

Puddings, Gruels, Gravies, Garnishes, <tc, etc., and with general 

Directions for making Wines. 

WITH ADDITIONS AND ALTERATIONS. 

BY J. M. SANDERSON, 

OF THE FRANKLIN HOUSE. 

In one small volume, paper. Price only Twenty-five Cents. 

THE COMPLEtTcONFE^^ AND BAKER. 

PLAIN AND PRACTICAL DIRECTIONS 

FOR MAKING CONFECTIONARY AND PASTRY, AND FOR BAKING. 

WITH UPWARDS OF FIVE HUNDRED RECEIPTS, 

Consisting of Directions for making all sorts of Preserves, Sugar Boiling, Comfits, Lozenges, 

Ornamental Cakes, Ices, Liqueurs, Waters. Gum Paste Ornaments, Syrups, Jellies, 

Marmalades, Computes. Bread Baking, Artificial Yeasts, Fancy 

Biscuits. Cakes, Rolls, .Muffins, Tarts, Pies, ic, Ac. 

WITH ADDITIONS AND ALTERATIONS. 

BY PARKINSON, 

PRACTICAL CONFECTIONER, CHESTNUT STREET. 

In one small volume, paper. Price only Twenty-tive Cent* 



LEA AND BLANCHARD'S PUBLICATIONS. 

JOHNSON AND LANDRETH ON FRUIT, KITCHEN, 
AND FLOW ER GA RDENING. 

A DICTIONARY OF MODERN GARDENING, 

BY GEORGE WILLIAM JOHNSON, ESQ. 
Author of the " Principles of Practical Gardening," " The Gardener's Almanac," <tc. 

WITH ONE HUNDRED AND EIGHTY WOOD-COTS. 
EDITED, WITH NUMEROUS ADDITIONS, BY DAVID LANDRETH, OF PHILADELPHIA. 

In one large royal duodecimo volume, extra cloth, of nearly Six Hundred and Fifty 
double columned Pages. 
This edition has been greatly altered from the original. Many articles of little interest to Ameri- 
cans have been curtailed or wholly omitted, and much new matter, with numerous illustrations, 
added, especially with respect to the varieties of fruit which experience lias shown to be peculiarly 
adapted to our climate. Still, the editor adnuts that he has only followed in the path so admirably 
marked out by Mr. Johnson, to whom the chief merit of the work belongs, it has been a* object 
with the editor and publishers to increase its popular character, thereby adapting it to the larger 
class of horticultural readers in this country, and they trust it will prove what they have desired it 
to be, an Encyclopaedia of Gardening, if not of Rural Affairs, so condensed and at such a price as to 
be within reach of nearly all whom those subjects interest. 

" This is a useful compendium of all that description of information which is valuable to the 
modem gardener. It quotes largely from the best standard authors, journals, and transactions of 
societies; and the labours of the American editor have fitted it for the United States, by judicious 
additions and omissions. The volume is abundantly illustrated with figures in the text, embracing 
a judicious selection of those varieties of fruits which experience has shown to be well suited to the 
United States. — SUlunan's Journal. 

" This is the most valuable work we have ever seen on the subject of gardening ; and no man of 
taste who can devote even a quarter of an acre to horticulture ought to be without it. Indeed la- 
dies who merely cultivate flowers wilhin-doors, will find this book an excellent and convenient 
counsellor. It contains one hundred and eighty wood-cut illustrations, which give a distinct idea 
of the fruits anil garden-arrangements they are intended to represent. 

" Johnson's Dictionary of Gardening, edited by Landreth, is handsomely printed, well-bound, and 
sold at a price which puts it within the reach of all who would be likely to buy it." — Evergreen. 

THE COMPLETE FLORIST. 



A MANUAL of gardening, 

CONTAINING PRACTICAL INSTRUCTION FOR THE MANAGEMENT OF GREENHOUSE 

PLANTS, AND FOR THE CULTIVATION OF THE SHRUBBERY— THE FLOWER 

GARDEN, AND THE LAWN— WITH DESCRIPTIONS OF THOSE PLANTS 

AND TREES MOST WORTH Y OF CULTURE UN EACH 

DEPARTMENT. 

WITH ADDITIONS AND AlttEN D IVIE N TS , 

ADAPTED TO THE CLIMATE OF THE UNITED STATES. 

In one small volume. Price only Twenty-five Cents. 

THE COMPLETE KITC HEN A ND FRUIT GARDENER. 

A SELECT MANUAL OF KITCHEN GARDENING, 

AND THE CULTURE OF FRUITS, 

CONTAINING FAMILIAR DIRECTIONS FOR THE MOST APPROVED PRACTICE IN EACH 

DEPARTMENT, DESCRIPTIONS OF MANY VALUABLE FRUITS, AND A 

CALENDAR OF WORK TO BE PERFORMED EACH 

MONTH IN THE YEAR. 

THE WHOLE ADAPTED TO THE CLIMATE OF THE UNITED STATES. 
In one sraaU volume, paper. Price only Twenty-five Cents. 

LANDRETITS RURAL REGISTER AND ALMANAC, FOR 1848, 

WITH NUMEROUS ILLUSTRATIONS. 



STILL ON HAND, 
A FEW COPIES OF THE REGISTER FOR 1847, 

WITH OVER ONE HUNDRED WOOD-CUTS. 

■n ia work has lW large 12mo. pages, double columns. Though published annually, and contain- 
ran almanac, the principal part of the matter is of permanent utility to the horticulturist and 



tanner 



LEA AND BLANCHARD'S PUBLICATIONS. 

HUMAN HEALTH: 

OK, THE INFLUENCE OF ATMOSPHERE AND LOCALITY, CHANGE OF AIR AND 
CLIMATE, SEASONS, FOOD, CLOTHING, BATHING, MINERAL SPRINGS, 
EXERCISE. SLEEP, CORPOREAL AND MENTAL PUR- 
SUITS, &.C., &.C., ON HEALTHY MAN, 

CONSTITUTING ELEMENTS OF HYGIENE. 

BY KOBLEY DUNGLISON, M.D., &c.,&c. 
In one octavo volume. 
*„* Persons in the pursuit of health, as well as those who desire to retain 
it, would do well to examine this work. The author states the work has 
been prepared "to enable the general reader to understand the nature of 
the actions of various influences on human health, and assist him in adopt- 
ing such means as may tend to its preservation: hence the author has 
avoided introducing technicalities, except where they appeared to him indis- 
pensable." 

REMARKS ON THE INFLUENCE OF MENTAL EXCITEMENT, 

AND MENTAL CULTIVATION UPON HEALTH. 

BY A. BKIGHAM, IyI.D. 

Third edition ; one volume, 18mo. 

A TREATISE ON 
CORNS, BUNIONS, THE DISEASES OF THE NAILS, 

AND THE GENERAL MANAGEMENT OF THE FEET. 

BY LEWIS DURLACHER, 

BURGEON CHIROPODIST TO THE QUEEN. 

In one duodecimo volume, cloth. 

BRIDGE WATER TREATISES. 

The whole complete in 7 vols. 8vo., various bindings, 

CONTAINING : 

ROGET'S ANIMAL AND VEGETABLE PHYSIOLOGY, in 2 vols., with many cuts. 
KIRBY ON THE HISTORY, HABITS AND INSTINCT OF ANIMALS, 1 vol., with plates. 
PROUT ON CHEMISTRY— CHALMERS ON THE MORAL CONDITION OF MAN — W'HEWELI. 

ON ASTRONOMY— BELL ON THE HAND— K1DD ON THE PHYSICAL CONDITION OF 

MAN, 2 volumes. 
BUCKLAND'S GEOLOGY, 2 vols., with numerous plates and maps. 

Roget, Buckland, and Kirby are sold separate. 

THE DOMESTIC MANAGEMENT OF THE SICK ROOM, 

NECESSARY, IN AID OF MEDICAL TREATMENT, FOR THE CURE OF DISEASES. 

BY A. T. THOMSON, M. D., &c. &c. 

First American, from the Second London Edition. Edited hy R. E. Griffith, M. D. 

In one royal 12mo. volume, extra cloth, with cuts. 

"There is no interference with the duties of the medical attendant, but sound, sensible, and 

Cleat advice what to do, and how to act, so as to meet unforeseen emergencies, and co-operate 

with professional skill."— Literary Gazette. 

THE MILLWRIGHT AND MILLER'S GUIDE. 

BY OLIVER EVANS. 

THE ELEVENTH EDITION, 
WITH ADDITIONS AND CORRECTIONS, BY THE PROFESSOR OF MECHA- 
NICS IN THE FRANKLIN INSTITUTE OF PENNSYLVANIA, 
AND A DESCRIPTION OF AN IMPROVED MERCHANT FLOUR MILL. 

WITH K.NORWlNOS. 

BY C. & O. EVANS, ENGINEERS. 
This is a practical work, and has had a very extended sale 



LEA AND BLANCHARD'S PUBLICATIONS. 



SCHOOL BOOKS. 



BIRD'S NATURAL PHILOSOPHY. 

NEARLY READY. 



ELEMENTS OF NATURAL PHILOSOPHY, 

BEING AN EXPERIMENTAL INTRODUCTION TO THE PHYSICAL SCIENCES. 

ILLUSTRATED WITH OVER THREE HUNDRED WOODCUTS. 

BY GOLDING BIRD, M.D., 

Assistant Physician to Guy's Hospital. 

FROM THE THIRD LONDON EDITION. 

In one neat volume. 

"By the appearance of Dr. Bird's work, the student has now all that he can desire in one neat, 
concise, and well-digested volume. The elements of natural philosophy are explained in very sim- 
ple language, and illustrated by numerous wood-cuts." — Medical Gazette. 

ARNOT T'S PH YSICS. 

ELEMENTS OF PHYSICS; OR, NATURAL PHILOSOPHY, 

GENERAL AND MEDICAL. 

WRITTEN FOR UNIVERSAL USE, IN PLAIN, OR NON-TECHNICAL LANGUAGE. 

BY NIELL AKKOTT, M.D. 

A NEW EDITION, BY ISAAC HAYS, M. D. 

Complete in one octavo volume, with nearly two hundred wood-cuts. 

This standard work has been long and favourably known as one of the best popular expositions 
of the interesting science it treats of. It is extensively used in many of the first seminaries. 

ELEMENTARY CHEMISTRY, THEORETICAL AND PRACTICAL. 

BY GEORGE FOWNES, Ph. D., 

Chemical Lecturer in the Middlesex Hospital Medical School, ice, &c. 

WITH NUMEROUS ILLUSTRATIONS. 

EDITED, WITH ADDITIONS, 

BY ROBERT BRIDGES, M.D., 

Professor of General and Pharmaceutical Chemistry in the Philadelphia College of Pharmacy, &c.,&c 

SECOND AMERICAN EDITION. 

In one large duodecimo volume, sheep or extra cloth, with nearly two 

hundred wood-cuts. 

The character of this work is such as to recommend it to all colleges and academies in want of a 
text-look It is fully brought up to the day, containing all the late views anil discoveries that have 
'oent rely changed the face of the science, and it is completely ill nstrated with very mimerous 
wood en-ravings, explanatory of all the different processes and forms of apparatus. 1 hough strictly 
scientific it is written with irreat clearness and simplicity of style, rendering it easy to be compre- 
hended b'v those who are commencing 1 the study. 

It may be had well bound in leather, or neatly done up in strong cloth. Its low price places it 
within the reach of all. 

HmW TTivs op T |cs, 

ELEMENTS OP OPTICS, 
BY SIR DAVIU BREWSTER. 

WITH NOTES AND ADDITIONS, BY A. I). HACHE, LL.D. 
Superintendent of the Coast Survey, Ac. 

In one volume, 12mo., with numerous woodcut* 
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SCHOOL BOOKS. 



BOLMAR'S FRENCH SERIES. 

New editions of the following works, by A. Bolmar, forming, in con- 
nection with " Bolmar's Levizac," a complete series for the acquisition of 
the French language. 

A SELECTION OF ONE HUNDRED PERRIN'S FABLES, 

ACCOMPANIED BY A KEY, 

Containing the text, a literal and free translation, arranged in such a manner as to 

point out the difference between the French and English idiom, &c, in 1 vol., 12mo. 

A COLLECTION OF COLLOQUIAL PHRASES, 

ON EVERY TOPIC NECESSARY TO MAINTAIN CONVERSATION, 

Arranged under different heads, with numerous remarks on the peculiar pronunciation 
and uses of various words; the whole so disposed as considerably to facilitate the 
acquisition of a correct pronunciation of the French, in 1 vol., 18mo. 

LES AVENTURES DE TELEMAQUE PAR FENELON, 

In 1 vol., 12mo., accompanied by a Key to the first eight books, in 1 vol., 12mo., con- 
taining, like the Fables, the text, a literal and free translation, intended as a sequel 
to the Fables. Either volume sold separately. 

ALL THE FRENCH VERBS, 

Both regular and irregular, in a small volume. 

NEARLY READY. 



PRINCIPLES OF PHYSICS AND METEOROLOGY. 

BY J. MULLER, 

Professor of Physics at the University of Frieburg. 

ILLUSTRATED WITH NEARLY FIVE HUNDRED AND FIFTY ENGRAVISQS ON WOOD, AND TWO- 
COLORED PLATES. 

In one octavo volume. 

This Edition is improved by the addition of various articles, and will be found in 
every respect brought up to the time of publication. 

" The Physics of Muller is a work, superb, complete, unique : the trreatest want known to Eng- 
lish Science could not have been better supplied. The work is of surpassing interest. The value 
ol' tins contribution to the scientific records of this country mav be dulv estimated bv the fact, that 

the cost of the original drawings and engravings alone has exceeded the sum of 21)007." Lancet 

March, 1847. 

JHrniTR^ ^ 

AN ATLAS OP ANCIENT GEOGRAPKV, 
BY SAMUEL BUTLER, D.D., 

Late Lord Bishop of Litchfield, 
CONTAINING TWENTY-ONE COLOURED MAPS, AND A COMPLETE ACCENTOATED INDEX. 

In one octavo volume, half-bound. 

BUTLER'S AN CIENT GEOGRAPHY. 

GEOGRAPHIA CLASSICA, 
OR, T'tE APPLICATION OF ANCIENT GEOGRAPHY TO THE CLASSICS 

BY SAMUEL BUTLER, D.D., F.R.S. 

REVISED BY HIS SON. 

FIFTH AMERICAN. FROM THE LAST LONDON EDITION, 

WITH QUESTIONS ON THE MAPS, 3Y JOHN FROST. 

In one duodecimo volume, hnlf-hound. to match the Atlan. 
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LAW BOOKS. 



HILLIARD ON REAL ESTATE. 

NOW READY. 



THE AMERICAN LAW OF HSAL PROPERTY. 

SECOND EDITION, REVISED, CORRECTED, AND ENLARGED. 

BY FRANCIS HILLIARD, 

COUNSELLOR AT LAW. 

In two large octavo volumes, beautifully printed, and bound in best law sheep. 

This book is designed as a substitute for Cruise's Digest, occupying the 
tame ground in American law which that work has long covered in the 
English law. It embraces all that portion of the English Law of Real 
Estate which has any applicability in this country ; and at the same time it 
embodies the statutory provisions and adjudged cases of all the States upon 
the same subject ; thereby constituting a complete elementary treatise for 
American students and practitioners. The plan of the work is such as to 
render it equally valuable in all the States, embracing, as it does, the pecu- 
liar modifications of the law alike in Massachusetts and Missouri, New 
York and Mississippi. In this edition, the statutes and decisions subse- 
quent to the former one, which are very numerous, have all been incorpo- 
rated, thus making it one-third larger than the original work, and bringing 
the view of the law upon the subject treated quite down to the present time. 
The book is recommended in the highest terms by distinguished jurists of 
different States, as will be seen by the subjoined extracts. 

" The work before us supplies this deficiency in a highly satisfactory manner. It is beyond all 
question the best work of the kind that we now have, and although we doubt whether this or any 
other work will be likely to supplant Cruise's Digest, we do not hesitate to say, that of the two, 
this is the more valuable to the American lawyer. We congratulate the author upon the success- 
ful accomplishment of the arduous task he undertook, in reducing the vast body of the American 
Law of Real Property to ' portable size,' and we do not doubt that his labours will be duly appre- 
ciated by the profession."— Law Reporter, Aug., 1&46. 

Judge Story says :— "I tliink the work a very valuable addition to our present stock of juridical 
literature. It embraces all that part of Mr. Cruise's Digest which is most useful to American law- 
yers. But its higher value is, that it presents in a concise, but clear and exact form, the substance 
of American Law on the same subject. I know no work that we possess, whose practical utility is 
likely to be so extensively felt." " The wonder is, that the author has been able to bring so gres. a 
mass into so condensed a text, at once comprehensive and lucid." 

Chancellor Kent says of the work (Commentaries, vol. it, p. 635, note, 5th edition) :— " It is a work 
of great labour and intrinsic value." 

Hon. Rufus Choate save :— " Mr. Hilhard's work has been for three or four years in use, and 1 
think that Mr. Justice Story and Chancellor Kent express the general opinion of the Massachusetts 
Bar." 

Professor Greenleaf says :— " I had already found the first edition a very convenient book of refe- 
rence, and do not doubt, from the appearance of the second, that it is greatly improved." 

Professor J II. Townsend, of Yale College, says :— 

" I have been acquainted for several years with the first edition of Mr. Hilhard's Treatise, and 

have formed a very favourable opinion of it. 1 have; nodoubl the second edition will he found even 

more valuable than the first.and 1 shall be happy to recommend it as 1 may have opportunity. I 

f t | _ r .,..,,!( on the subject ol Real Estate, so comprehensive and so weil adapted to the 

dale of the law in tins country." 
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ADDISON ON CONTRACTS. 



A TREATISE ON THE LAW OP CONTRACTS AND 
RIGHTS AND LIABILITIES EX CONTRACTU. 

BY C. G. ADDISON, ESQ., 

Of the Inner Temple, Barrister at Law. 
In one volume, octavo, handsomely bound in law sheep. 

In this treatise upon the most constantly and frequently administered 
branch of law, the author has collected, arranged and developed in an intel- 
ligible and popular form, the rules and principles of the Law of Contracts, 
and has supported, illustrated or exemplified them by references to nearly 
four thousand adjudged cases. It comprises the Rights and Liabilities of 
Seller and Purchaser ; Landlord and Tenant ; Letter and Hirer of Chattels ; 
Borrower and Lender ; Workman and Employer ; Master, Servant and Ap- 
prentice ; Principal, Agent and Surety; Husband and Wife; Partners; 
Joint Stock Companies ; Corporations ; Trustees ; Provisional Committee- 
men ; Shipowners ; Shipmasters ; Innkeepers ; Carriers ; Infants ; Luna- 
tics, &c. 

WHEATON'S INTERNATIONAL LAW. 

ELEMENTS OF INTERNATIONAL LAW. 

BY HENRY WHEATON, LL.D., 

Minister of the United States at the Court of Russia, ic. 

THIRD EDITION, REVISED AND CORRECTED. 

In one large and beautiful octavo volume of G50 pages, extra cloth, or fine law sheep. 

" Mr. Wheaton's work is indispensable to every diplomatist, statesman and lawyer, and necessary 
indeed to all public men. To every philosopliic and liberal mind, the study must be an attractive 
and in the hands of our author it is a delightful one."— North American. 



HILL ON TRUSTEES. 



A PRACTICAL TREATISE ON THE LAW RELATING TO TRUSTEES, 

THEIR POWERS, DUTIES, PRIVILEGES AND LIABILITIES. 

BY JAMES HILL, ESQ., 

Of the Inner Temple, Barrister at Law. 

EDITED BY FRANCIS J. TROUBAT, 

Of the Philadelphia Bar. 

In one large octavo volume, best law sheep, raised bands. 

" The editor begs leave to iterate the observation made by the author that the work is intended 
principally for the instruction and guidance of trustees. That single feature very much enhances 
its practical value." 

ON THE PRINCIPLES OF CRIMINAL LAW. 

In one 18mo. volume, paper, price 25 cents. 
BEING PART 10, OF "SMALL BOOKS D.N GREAT SUBJECTS" 
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MEDICAL BOOKS. 



TO THE MEDICAL PROFESSION. 

The following list embraces works on Medical and other Sciences issued 
by the subscribers. They are to be met with at all the principal bookstores 
throughout the Union, and will be found as low in price as is consistent 
with the correctness of their printing, beauty of execution, illustration, and 
durability of binding. No prices are here mentioned, there being no fixed 
standard, as it is evident that books cannot be retaileu a* the same rate in 
New Orleans or Chicago as in Philadelphia. Any information, however, 
relative to size, cost, &c, can be had on application, free of postage, to the 
subscribers, or to any of the medical booksellers throughout the country. 
LEA & BLANCHARD, Philadelphia. 



DICTIONARIES, JOURNALS, &c. 

AMERICAN JOURNAL OF THE ME- 
DICAL SCIENCES, quarterly, at §5 a 
year. 

AN ANALYTICAL COMPEND of the 
various branches of Practical Medicine, 
Surjrery, Anatomy, Midwifery, Diseases 
of Women and Children, Materia Meiiica 
and Therapeutics, Physiology, Chemis- 
try and Pharmacy, by John Neill, M. I)., 
and F. Gurney Smith, M. D., with nu- 
merous illustrations (nearly ready). 

CYCLOPAEDIA OF PRACTICAL MEDT- 
CINE, by Forbes, Tweedie, &c, edited 
by Dunglison, in 4 super royal volumes, 
3154 double columned pages, strongly 
bound. 

DUVOLISON'S MEDICAL DICTION- 
ARY, 6th ed., 1 vol. imp. 8vo., 804 large 
pages, double columns. 

HOBLYV'S DICTIONARY OF MEDI- 
CAL TERMS, by Hays, 1 vol. large 
12mo., 40-2 pages, double columns. 

MEDICAL NEWS AND LIBRARY, 
monthly, at $1 a year. 



ANATOMY. 



HORNER'S SPECIAL ANATOMY AND 
HISTOLOGY, 7th edition, 2 vols. 8vo., 
many cuts, 1130 pages. 

HORNER'S UNITED STATES' DIS- 
SECTOR, 1 vol. large royal 12rao., many 
cuts, 444 pages. 
; CUMIN'S ELEMENTS OF ANATOMY, 
by Sharpey, many cuts (preparing). 

WILSON'S HUMAN ANATOMY, by 
Goddard, 3d edition, 1 vol. 8vo., 235 wood- 
cuts, G20 pages. 

WILSONS DISSECTOR, or Practical and 
Surgical Anatomy, with cuts, 1 vol. 
12mo., 444 pages. 



VATOMICAL ATLAS, by Smith and 
Horner, large imp. 8vo., 050 figures. 



PHYSIOLOGY. 

CARPENTER'S PRINCIPLES OF HU- 
MAN PHYSIOLOGY, edited byClymer, 
1 vol. 8vo., over 300 illustrations, 3d 
edition, with many additions. 

CARPENTER'S ELEMENTS, OR MAN- 
UAL OF PHYSIOLOGY, 1 vol. 8vo., 
5tit> pages, many cuts. 

CARPENTER'S COMPARATIVE ANA- 
TOMY AND PHYSIOLOGY, revised 
by t lie author, with beautiful engravings 
(preparing). 

CONNECTION BETWEEN PHYSI 
OLOGY AND INTELLECTUAL 
SCIENCE, 1 vol. le'ino., paper, 23 cts. 
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CYCLOPAEDIA OF ANATOMY AND 
PHYSIOLOGY, based on the large work 
of Todd, in two vols, large 8vo., numer- 
ous cuts (preparing). 

DUNGLISON'S HUMAN PHYSIOLOGY, 
Cth edition, 2 vols. 8vo., 1350 pages, and 
370 wood- cuts. 

HARRISON ON THE NERVES, 1 vol. 
8vo., 292 pages. 

MULLER'S PHYSIOLOGY, by Bell, 1 vol. 
8vo., 886 pages. 

ROGET'S OUTLINES OF PHYSI- 
OLOGY, 8vo., 516 pages. 

SOLLY ON THE HUMAN BRAIN, ITS 
STRUCTURE, PHYSIOLOGY, AND 
DISEASES (preparing). 

TODD AND BOWMAN'S PHYSIOLO- 
GICAL ANATOMY AND PHYSI- 
OLOGY OF MAN, with numerous wood- 
cuts (publishing in the Medical News), 
to be complete in one volume. 



PATHOLOGY. 

ABERCROMBIE ON THE STOMACH, 
new edition, 1 vol. 8vo., 320 pages. 

ABERCROMBIE ON THE BRAIN, new 
edition, 1 vol. 8vo., 324 pages. 

ALISON'S OUTLINES OF PATHO- 
LOGY, &c, 1 vol. 8vo., 420 pages. 

ANDRAL ON THE BLOOD, translated 
by Meigs and Stille, 1 vol. small 8vo., 120 
pages. 

BERZELIUS ON THE KIDNEYS AND 
URINE, 8vo., 180 pages. 

BENNET ON THE UTERUS, 1 vol. 
12mo., 146 pages. 

BUDD ON THE LIVER, 1 vol. 8vo., 392 
pages, plates and wood-cuts. 

BILLING'S PRINCIPLES, 1 vol. 8vo., 304 
pages. 

BIRD ON URINARY DEPOSITS, 8vo., 
228 pages, cuts. 

HASSE'S PATHOLOGICAL ANATO- 
MY, 8vo., 379 pages. 

HOPE ON THE HEART, by Pennock, a 
new edition, with plates, 1 vol. 8vo., 572 
pages. 

HUGHES ON THE LUNGS AND 
HEART, 1 vol. 12ino., 270 pages, with a 
plate. 

HI IMP ON PROTRACTED INDIGES- 
TION, 8vo 240 pages. 

PHILIP* - N SCROFULA, 1 vol. 8vo., 
350 r ts, plates. 

PROT, f ON THE STOMACH AND RE- 
NAL DISEASES, 1 vol. 8vo., 406 pages, 
coloured plates. 

RICORD ON VENEREAL, new edition, 
1 vol. 8vo., 356 pages. 

VOG EL'S PATHOLOGICAL ANATOMY 
OF THE HUMAN BODY, 1 vol. 8vo., 
5:tii pages, coloured plates. 

WALSHE ON Till: LUNGS, 1 vol. 12mo 
310 pages. 



WILSON ON THE SKIN, 1 vol. 8vo.. 

370 pages ; a new edition. 

Same Work, with coloured plates. 
WILLIAMS' PATHOLOGY, OR PRIN- 

CIPLES OF MEDICINE, 1 vol. 8vo., 

384 pages. 
WILLIAMS ON THE RESPIRATORY 

ORGANS, by Clymer, 1 vol. 8vo., 500 

pages. 



PRACTICE OF MEDICINE. 

ASHWELL ON THE DISEASES OF 
FEMALES, by Goddard, 1 vol. 8vo. ( 520 
pages. 

BARTLETT ON THE HISTORY, DIAG- 
NOSIS AND TREATMENT OF TY- 
PHOID, TYPHUS, BILIOUS REMIT- 
TENT, CONGESTIVE AND YELLOW 
FEVER, a new and extended edition of 
his former work (nearly ready). 

BENEDICT'S COMPENDIUM OF 
CHAPMAN'S LECTURES, 1 vol. 8vo., 
258 pages. 

CHAPMAN ON THORACIC AND AB- 
DOMINAL VISCERA, &c, 1 vol. 8vo., 
384 pages. 

CHAPMAN ON FEVERS, GOUT, 
DROPSY, &c. &c, 1 vol. 8vo., 450 pages. 

COLOMBAT DE LTSERE ON FE- 
MALES, translated and edited by Meigs, 
1 vol. 8vo., 720 pages, cuts. 

COATES' POPULAR MEDICINE, a new 
edition, brought up to the day, many 
cuts (preparing). 

CONDIE ON THE DISEASES OF CHIL- 
DREN, 2d edition, 1 vol. 8vo., G58 pages. 

CHURCHILL ON THE DISEASES OF 
FEMALES, by Huston, 4th edition, 1 
vol. 8vo., C04 pages. 

CHURCHILL ON THE M \NAGEMF.\T 
AND MORE IMPORTANT DISEASES 
OF INFANCY AND CHILDHOOD 
(preparing). 

CLYMER AND OTHERS ON FEVERS, 
a complete work, in 1 vol. 8vc, 600 
pages. 

DEWEES ON CHILDREN, 9th edition, 
1 vol. 8vo., 548 pases. 

DEWEES ON FEMALES, fth edition, 1 
vol. 8vo., JS32 pages, with plates. 

DUNGLISON'S PRACTICE OF MEDI- 
CINE, 2d edition, 2 volumes 8vo., 1322 
pases. 

ESQUIROL ON INSANITY, by Hunt, 
8vo., 490 pages. 

MEIGS ON ^FEMALES, in a series of 
Letters to his Class, with cuts (a new 
work, nearly ready). 

THOMSON ON THE SICK ROOM, fee., 
1 vol. large 12mo., 360 pages, cuts. 

WATSON'S PRINCIPLES AND PRAC- 
TICE OF PHYSIC, 3d improved edition, 
by Oondie, 1 very large vol. 8vo., over 
11)00 pages strongly bound. 
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SURGERY. 

BRODIE ON URINARY ORGANS, 1 vol. 
8vo., 214 pages. 



BRODIE ON THE JOINTS, 1 vol. 8vo. 
216 pages, 

BRODIE'S LECTURES ON SURGERY, 
1 vol. 8vo., 350 pages. 

BRODIE'SSELECTSURGICAL WORKS 
1 vol. 8vo., 780 pages. 

CHELIUS' SYSTEM OF SURGERY, by 
South and Norris, in 3 large 8vo. vols., 
over 2000 pages, well bound. 

COOPER ON DISLOCATIONS AND 

FRACTURES, 1 vol. 8vo., 500 pp., many 
cuts. 

COOPER ON HERNIA, 1 vol. imp. 8vo. 
488 pages, plates. 

COOPER ON THE TESTIS AND THY- 
MUS GLAND, 1 vol. imp. bvo., many 
plates. 

COOPFR ON THE ANATOMY AND 
DISEASES OF THE BREAST, SUR- 
GICAL PAPERS, &C.&.C, 1 vol. impe- 
rial c-vo., plates. 

DRUITTS PRINCIPLES AND PRAC- 
TICE OF MODERN SURGERY, 3d ed., 
1 vol. 8vo.. 534 pages, many cuts. 

DURLACHER ON CORNS, BUNIONS 

&c, 12mo., 134 pages. 
DISEASES AND SURGERY OF THE 

EAR. a new and complete work (pie- 
paring). 
FERGUSSON'S PRACTICAL SURGERY 

] vol. 8vo., 2d edition, 640 pages, many 

cuts. 
GUTHRIE ON THE BLADDER, 8vo., 

150 pages. 
HARRIS ON THE MAXILLARY SI- 
NUS, 8vo., 166 pages. 
JONES' (WHARTON) OPHTHALMIC 

MEDICINE AND SURGERY, by Hays, 

1 vol. roval 12mo., 529 pages, many cuts, 

and plates, plain or coloured. 
LISTON'S LECTURES ON SURGERY, 

by Mutter, 1 vol. 8vo., 506 pages, many 

cuts. 
LAWRENCE ON THE EYE, by Hays, 

new edition, much improved, 803 pages, 

many cuts and plates. 
LAWRENCE ON RUPTURES, 1 vol. 

8vo., 480 pages. 
MALOAIGNE'S OPERATIVE SUE- 

GERY, with illustrations (preparing). 
MILLER'S PRINCIPLES OF SURGERY, 

1 vol. 8vo., 526 pages. 
MILLERS PRACTICE OF SURGERY, 

1 vol. 8vo., 490 pages. 



[MAURY'S DENTAL SURGERY, 1 vol. 
8vo., 286 pages, many plates and cuts. 

ROBERTSON ON THE TEETH, 1 vol. 

Bvo., 230 pages, plates. 
SARGENT'S MINOR SUROERY, 1 vol. 

12mo., with cuts (preparing). 



MATERIA MEDICA AND THERA- 
PEUTICS. 

DUNGLISON'S MATERIA MEDICA 
AND THERAPEUTICS, a new edition, 
with cuts, 2 vols. 8vo., 986 pages. 

\ DUNGLISON ON NEW REMEDIES, 5th 
ed., 1 vol. 8vo., 653 pages. 

I ELLIS' MEDICAL FORMULARY, 8th 
edition, much improved, 1 vol. 8vo., 272 
pages. 

i GRIFFITH'S MEDICAL BOTANY, a 
new and complete work, 1 large vol. 
8vo., with over 350 illustrations, 704 
pages. 
GRIFFITH'S UNIVERSAL FORMU- 
LARY AND PHARMACY, a new and 
complete work, 1 vol. large 8vo. (at 
press). 

PEREIRA'S MATERIA MEDICA AND 
THERAPEUTICS, by Carson, 2d ed., 
2 vols. 8vo., 1530 very large pages, nearly 
300 wood-cuts. 

ROYLE'S MATERIA MEDICA AND 
THERAPEUTICS, by Carson, 1 vol. 
8vo., 689 pages, many cuts. 

STILLES ELEMENTS OF GENERAL 
THERAPEUTICS, a new work (pre- 
paring). 

UNIVERSAL DISPENSATORY, with 
many wood-cuts, 1 vol. large 8vo. (pre- 
paring). 



OBSTETRICS. 

CHURCHILL'S THEORY AND PRAC- 
TICE OF MIDWIFERY, by Huston, 2d 
ed., 1 vol. 8vo., 520 pages, many cut3. 

DEWEES' SYSTEM OF MIDWIFERY, 

11th edition, 1 vol. 8vo., 660 pages, with 
plates. 
•RIGIiV'S SYSTEM OF MIDWIFERY, 1 
vol. 8vo., 492 pages. 

JRAMSBOTHAM ON PARTURITION, 
with many plates, 1 large vol. imperial 
8vo., new and improved edition, 520 
pages. 
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CHEMISTRY AND HYGIENE, 

BRIGHAM ON MENTAL EXCITE- 
MENT, &c, 1 vol. 12mo., 204 pages. 

DUNGLISON ON HUMAN HEALTH, 

2d edition, 8vo., 464 pages. 

FOWNE'S ELEMENTARY CHEMIS- 
TRY FOR STUDENTS, by Bridges, 2d 
edition, 1 vol. royal 12mo., 400 large 
pages, many cuts. 

GRAHAM'S ELEMENTS OF CHEMIS- 
TRY, 1 large vol. 8vo. (new and im- 
proved edition at press), many cuts. 

MAN'S POWER OVER HIMSELF TO 
PREVENT OR CONTROL INSANITY, 
18mo., paper, price 25 cents. 

PRACTICAL ORGANIC CHEMISTRY, 
I8mo., paper, 25 cts. 

SIMON'S CHEMISTRY OF MAN, 8vo., 
730 pages, plates. 



MEDICAL JURISPRUDENCE, EDUCA- 
TION, &c. 

BARTLETT'S PHILOSOPHY OF MEDI- 
CINE, 1 vol. 8vo., 312 pages. 

DUNGLISON'S MEDICAL STUDENT, 
2d edition, 12mo., 312 pages. 

TAYLORS MEDICAL JURISPRU- 
DENCE, by Griffith, 1 vol. 8vo., 510 
pages. 

TAYLORS MANUAL OF TOXICO- 
LOGY, edited by Griffith (at press). 

TRAILL'S MEDICAL JURISPRU- 
DENCE, 1 vol. 8vo., 234 pages. 



NATURAL SCIENCE, &o. 

ARNOTT'S ELEMENTS OF PHYSICS, 
new edition, 1 vol. 8vo., 484 pages, many 
cuts. 

ANSTED'S ANCIENT WORLD— POPU- 
LAR GEOLOGY, with numerous illus- I 
trations (nearly ready). 

BIRD'S NATURAL PHILOSOPHY, from 
a new London edition, 1vol. royal 12mo., 
many cuts (at press). 

BREWSTER'S TREATISE ON OPTICS, 
1 vol. 12mo., 423 pages, many cuts. 

BARRAGE'S " FRAGMENT," 1 vol. 8vo., 

250 pages. 

BUCKLAND'S GEOLOGY AND MINE- 
RALOGY, 2 vols. 8vo., with numerous 
plates and mans. 



BRIDGEWATER TREATISES, with 
many plates, cuts, maps, &c, 7 vols. 
8vo., 3287 pages. 

CARPENTER'S ANIMAL PHYSIOLO- 
GY, with 300 wood-cuts (preparing). 

CARPENTER'S POPULAR VEGETA- 
BLE PHYSIOLOGY, 1 vol. royal 12mo., 
many cuts. 

DANA ON CORALS, 1 vol. royal 4to., 
with an atlas of plates, being vols. 8 and 
9 of U. States Exploring Expedition (at 
press). 

DE LA BECHE'S NEW WORK ON 
GEOLOGY, with wood-cuts (preparing). 

GRIFFITHS' CHEMISTRY OF THE 
FOUR SEASONS, 1 vol. royal 12mo., 
451 pages, many cuts. 

HALE'S ETHNOGRAPHY AND PHI- 
LOLOGY OF THE U. S. EXPLORING 
EXPEDITION, in 1 large imp. 4to. vol. 

HERSCHELL'S TREATISE ON ASTRO- 
NOMY, 1 vol. I2mo., 417 pages, numer- 
ous plates and cuts. 

INTRODUCTION TO VEGETABLE 
PHYSIOLOGY, (bunded on the works 
of De Candolle, Lindley, &c, 16mo. 

KIRBY ON ANIMALS, plates, 1 vol. 8vo., 
.W0 pages. 

KIRBY AND SPENCER ENTOMO- 
LOGY, 1 vol. 8vo., 600 large pages; 
plates, plain or coloured. 

METCALF ON CALORIC, 1 vol. large 
8vo. (preparing). 

MULLER'S PRINCIPLES OF PHVSICS 
AND METEOROLOGY, with five hun- 
dred and fifty wood-cuts, and two co- 
loured plates (nearly ready). 

PHILOSOPHY IN SPORT MADE SCI- 
ENCE IN EARNEST, 1 vol. royal 18mo., 
430 pages, many cuts. 

ROGET'S ANIMAL AND VEGETABLE 
PHYSIOLOGY, with 400 cuts, 2 vols. 
8vo., 872 pages. 

TRIMMER'S GEOLOGY AND MINE- 
RALOGY, 1 vol. 8vo., 528 pages, many 
cuts. 



VETERINARY MEDICINE. 

CLATER AND SKINNER'S FARRIER, 
1 vol. 12mo., 220 pases. 

YOUATT'S GREAT WORK ON THE 
HORSE, by Skinner, 1 vol. 8vo., 448 
pages, many cuts. 

YOUATT AND CLATER'S CATTLE 
DOCTOR, 1 vol 12mo., 282 pages, cuts. 

YOUATT ON THE DOG, by Lewis, 1 
vol. demy 8vo., 403 pages, beautiful 
plates. 

YOUATT ON THE PIG, 1 vol. 12mo., 
cages, beautiful plates. 



LEA AND BLAN CHARD'S PUBLICATIONS. 

LAW BOOKS. 

SPSNOS'S EQUITY JUHI3DICTION. 



THE EQUITABLE JURISDICTION OF THE COURT OF CHANCERY, 

COMPRISING 

ITS RISE, PROGRESS AND FINAL ESTABLISHMENT. 

TO WHICH IS PREFIXED, WITH A VIEW TO THE ELUCIDATION OF THE MAIN SUB- 
JECT, A CONCISE ACCOUNT OF THE LEADING DOCTRINES OF THE COMMON 
LAW. AND OF THE COURSE OF PROCEDURE IN THE COURTS OF COM- 
MON LAW, WITH REGARD TO CIVIL RIGHTS; WITH AN ATTEMPT 
TO TRACE THEM TO THEIR SOURCES; AND IN WHICH 
THE VARIOUS ALTERATIONS MADE BY THE 
LEGISLATURE DOWN TO THE PRESENT 
DAY ARE NOTICED. 

BY GEORGE SPENCE, ESQ., 

One of her Majesty's Counsel. 

IN TWO OCTAVO VOLUMES. 

Volume L, embracing the Principles, is now ready. Volume II. is rapidly preparing and will 

appear early in 1&48. It is based upon the work of Mr. Maddock, brought down to the present 

tune, and embracing so much of the practice as counsel are called on to advise upon. 

A STEW LAW DICTIONAEY, 

CONTAINING EXPLANATIONS OF SUCH TECHNICAL TERMS AND PHRASES AS OCCUP 

IN THE WORKS OF LEGAL AUTHORS, IN THE PRACTICE OF THE COURTS, 

AND IN THE PARLIAMENTARY PROCEEDINGS OF THE HOUSE OF LORDS 

AND COMMONS, TO WHICH IS ADDED, AN OUTLINE OF AN 

ACTION AT LAW AND OF A SUIT IN EQUITY. 

BY HENRY JAMES EOLTHOUSE, ESQ., 

Of the Inner Temple, Special Pleader. 

EDITED FROM THE SECOND AND ENLARGED LONDON EDITION, 

WITH NUMEROUS ADDITIONS, 

BY HENRY PENINGTON, 

Of the Pliiladelphia Bar. 

In one large volume, royal 12mo., of about 500 pages, double columns, handsomely 

bound in law sheep. 

" This is a considerable improvement upon the former editions being bound with the usual law 

bindine -and the general execution admirable-the paper excellent, and the pnntmg clear and 

beautiful Its peculiar usefulness, however, consisls in the valuable additions above referred to, 

being inteUfeible and well devised definitions of such phrases and technicahlios as are peculiar to 

the wacUre, i^e Courts of this country .-While, therefore, we recommend it especially to the 

I udeuts of law , as a safe guide through the intricacies of their study, it will nevertheless be found 

a valuable acquisition to the library of the practitioner hunsM."-Alex. Gazelle. 

"This work is intended rather for the general student, than as a substitute for many abridgments, 
dnrJte^nd Sonariesinuse by the professional man. Us object principally is to impress accu- 
S^andd^ctirnponthenund the meaning of the technical terms of the law. and as such 
™ln h h generally useful. There is much curious information to be found in jt in re- 
^lotfieWCuliaritaeS^^e ancient Saxon law. The additions of the American edition g.ve 
fn"; *ased Tviue to the work, and evince much accuracy and czrer-Pennsylvama Law Journal. 

TAYLOR'S MBDICALjTTJHISPRUDENCE. 
A PRACTICAL TREATISE ON MEDICAL JURISPRUDENCE. 

BY ALFRED S. TAYLOR, 
Lecturer on Medical Jurisprudence and Chemistry at Guy's Hospital, London. 

With numerous Notes and Additions, and References to American Law, 

BY R. E. GRIFFITH, M.D. 
In one volume, octavo, neat law sheep. 

TAYLOR'S KAKUAL OP TOXICOLOGY. 

IN ONE NEAT OCTAVO VOLUME. 

A NEW WORK, NOW READY. 

TRAILL'S 

OUTLINES OF A COURSE OF LECTURES ON MEDICAL JURISPRUDENCE. 
UU1 IN ONE SMALL OCTAVO VOLUME. 
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E A S T'S REPORTS. 



REPORTS OF CASES 

ADJUDGED AND DETERMINED IN THE COURT 
OF KING'S BENCH. 

WITH TABLES OF TILE NAMES OF THE CASES AND PRINCIPAL MATTERS. 

BY EDWARD HYDE EAST, ESQ., 

Of the Inner Temple, Barrister at Law. 

EDITED, WITH NOTES AND REFERENCES, 

BY G. M. WHARTON, ESQ., 

Of the Philadelphia Bar. 

In eight large royal octavo volumes, hound in best law sheep, raised bands and double 
titles. Price, to subscribers, only twenty-five dollars. 

In this edition of East, the sixteen volumes of the former edition have 
been compressed into eight — two volumes in one throughout — but nothing 
has been omitted ; the entire work will be found, with the notes of Mr. 
Wharton added to those of Mr. Day. The great reduction of price, (from 
$72, the price of the last edition, to §25, the subscription price of this,) 
together with the improvement in appearance, will, it is'trusted, procure for 
it a ready sale. 

A NEW WORK ON COURTS-MARTIAL 

A TREATISE ON AMERICAN MILITARY LAW, 

AND THE 

PRACTICE OF COURTS-MARTIAL, 

WITH SUGGESTIONS FOR THEIR IMPROVEMENT. 
BY JOHN O'BRIEN, 

LIEUTENANT UNITED STATES ARTILLERY. 

In one octavo volume, extra cloth, or law sheep. 
"This work stands relatively to American Military Law in the same position that Blackstone'i 
Commentaries stand to Common Law."— U. S. Gazette. 

CAMPBELL'S LORD CHANCELLORS. 



LIVES OF THE LORD CHANCELLORS AND KEEPERS OP 
THE GREAT SEAL OF ENGLAND, 

FROM THE EARLIEST TIMES TO THE REIGN OF KING GEORGE IV., 

BY JOHN LORD CAMPBELL, A.M., F.R.S.E. 

FIRST SERIE S, 

In three neat demy octavo volumes, extra cloth, 

BRINGING TIIE WORK TO THE TIME OF JAMES II., JUST ISSUED. 

PREPARING, 
SECOND SERIES, 

In four volumes, to match, 
CONTAINING FROM JAMES II TO GEORGE IV. 



